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Here’s a team 
that meets every 
high vacuum 





leak detection requirement 


For routine maintenance of your fications tor hermetically sealed re 
high vacuum system—CVC’'s Model lays now require a leak tolerance 
|,.D-01 Leak Detector is a compact detectable only with this type of 
Consolidated Engineering Leak Detec- easily portable unit. It’s simple to — unit 

sh Model 24-101A above) 15 4 simp You just connect the 


»perate . 
mass Spectrometer sensitive to minute tra per ite Ope ration 1S simple just play 
p 


helium. Ut can be used wath eather the prot sensitive element to your vacuum helium on the suspected area An 
a thet he self-contained anit is 7 . ' . 
nvelope method The self-cont. vstem and pump a moderate vacu audio system tells the size of the 
adiflusiton pump 4? 1 » > a) > ' 
ee a um hen direct a small jet of leak by a low or high pitched 


snd instrument 


} 
i mechanical and 


harmless Freon Gas at suspected sound, or you can watch for it on 


spots and watch the meter. You 


cet a direct indication of leak rate 


a meter 


Either or both of these instru 





For production work—the Con ments will save you many hours of 
solidated Engineering Leak Ds wearisome searching for vacuum 
tector (Model 24-101A) will solve leaks. For information on this or 
your problems. Whether it’s a any other equipment, for the cre- 
large vacuum metallizer, vacuum ition, measurement or use olf high 


CWC Leak Detector, Model LD-01 


right us a nittive ment nat? 


furnace refrigerator compressor vacuum, write to Consolidated 
drying system or TV-tube pumping Vacuum Corporation, Rochester 3, 
system, this versatile and extra sen New York (A subsidiary of Con 
sitive unit will tell you when it’s solidated Engineering Corporation 
ibsolutely leak tight. Most speci Pasadena, Calif 








Consolidated Vacuum Corporation 
ROCHESTER 3, N.W. 





Headquarters 


NEW RK e CHICAGO, ILL. ¢ BOSTON, MASS. ¢ SAN FRANCISCO, CALIF. ¢ CAMDEN, N. J 


for High Vacuum soles offices 
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This is What 
Solar Offers You 
NS 


manufacture of precision 
products from alloys and 
special metals for severe serv- 


ice. Solar’s experience since 1927 is 
unduplicated in this field. Solar skills 
and facilities range from research, de- 


Solar specializes in the 


sign and development through to mass 
production, Wherever heat, corrosion 
or difficult specifications are prob- 


lems, Solar can help you solve them. 





PLANTS. Jn San Diego and Des 


Moines A total 
of 1,400,000 sq ft of floor space. 
Approximately 5,000 employces 
Annual sales over $65,000,000 


photograph above) 


EQUIPMENT. Production equipment 
for all types of metal fabrication 

forming, machining, welding, braz- 
ing, casting, coating. Extensive lab- 
oratory and testing equipment 
Facilities for development, prototype, 


limited or mass production. 


SERVICES. Research, design, devel- 
opment, tooling and production engi- 
necring staffs. Experienced with all 
alloy steels, stainless alloys, super 
alloys, and titanium and its alloys 
Government source inspection and 
Solar quality control meet rigid air- 
craft and commercial standards, 


CONTRACT PRODUCTION 


Current orders include aircraft en- 
gine and airframe parts, alloy cast- 
ings, pneumatic ducting, atomic 
energy components, Customers in- 


clude some of the most honored 





names among aircraft and industrial 


This task force at Solar’s Des Moines plant is studying a complex diffuser assembly, on which Solar is working 
mpanies in the U.S 


both in stainless steel and titanium. Clockwise are Charlie Ragan, assistant contracts manager; Bill Dixon, chief ra 
production enginecr; Bob Ballard, manager of manufacturing; Ed Gunton, assistant plant manager—operations; 
Bill Schilling, chief design engineer, and Hi Brown, chief metallurgist 


and Europe 


SPECIAL PRODUCTS 


Bellows. “‘Sola-Flex’’i 


A Solar Task Force can hel p you Permap gather 
solve special problems 


world’s largest, 28 ft 


in diameter 





<2 


Gas Turbines. Solur “‘Mars’’ 50 hp 


engines for auxiliary generator sets, 





IN EVERY NEW SOLAR PROJECT, thie first step 
is the formation of a project task force. The 
requirements of the new job are studied and 
the engineering and shop skills demanded 
bv it are noted. Next, individual engineers 
and specialists in these fields are selected 
from Solar’s many departments, from re 
search through production. 

These men, as a team, are charged with 
full responsibility for the successful comple- 
tion of their project. Each task force team 
is free to call for additional specialists when- 
ever they are needed. 

rhrough this task force system, each 
project — large or small — benefits from all 


2 Want more 





of Solar’s knowledge and 27 years’ experi- 
ence in designing and building heat resis- 
tant alloy products. The task force system 
has resulted in many important design im 
provements, as well as impressive savings in 
production costs. 

Solar will be happy to assign a task force 
team to help you solve special problems. 


SOLAR SY 


AIRCRAFT COMPANY ( M 


DESIGNERS, DEVELOPERS AND MANUFACTURERS OF METAL ALLOY PRODUCTS 


nformation? Use post card insert in this issue. 





portable fire 
500 hp engines in 


round carts, pumps 
Solar “Jupiter” 


I 
variaDdls 


ind constant speed models 


Ceramic Coatings. “Solaramic’’® 


heat, corrosion, galling and abrasion 


utilizing the new Solar “‘Microjet’’® 
principle for control of gas turbines 


jet engines and pneumatic devices 


FURTHER INFORMATION 


Your inquiry regarding any Solar 
service or facility will 
receive prompt attention. Address 
Solar Aircraft Company 
Department A-46 
San Diego 12, California. 
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s the Solar trade mark for a family 
f coatings that protects metals from 


Controls. Complete control systems 
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Only MALLORY 1000 METAL 


Could Effectively Handle 
this Radiation Shielding Job 
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SHIELD (MALLORY 1000) DETECTOR 
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METAL THICKNESS 
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This MALLORY 1000 METAL cone is used in e Effective shielding because of high density 
the nose of an instrument called the Penetron®, —16.96 grams per cubic centimeter. 


made by United Engineers, Inc. of Tulsa, Okla- 
homa. It measures wall thicknesses of closed ves- 
sels and pipes without taking them out of service. 


e Rasy fabrication to desired shape because 
of excellent machining characteristics. 

e High dimensional stability not obtainable 
in lead. ‘Tensile strength of MALLORY 
1000 is 105,000 Ib. per square inch. 


A gamma ray source in the head of the Penetron 
emanates rays which pass through the material 
being measured. A detector, effectively shielded 
from the primary source by MALLORY 1000 
METAL, picks up secondary gamma ray emission 
from the material and measures the thickness. 


e Total size and weight of the detector 
was reduced. 


By using MALLORY 1000 METAL, the manu- For any shielding application, be sure you have 
facturer of the Penetron gained these impor- all the facts about MALLORY 1000 METAL. A 
tant advantages: Technical Bulletin is yours for the asking. 











-MAitoR 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 





FOR ROTORS... 
MALLORY 1000 METAL 


has no objectionable drift 
at rotational speeds as 
high as 40,000 rpm. 


FOR COUNTERWEIGHTS... 
MALLORY 1000 METAL 


packs more weight into 





less space. 


o~ 
™ 
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For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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G.E. Designs New Alpha Particle Detector 
for Health Monitoring Against Radiation 


General Electric’s new alpha particle 
detector is a dependable monitor for 
inspecting clothing, machinery, lab- 
ratory areas or equipment suspected 
of containing alpha radiation. 

EASY TO USE, the detector weighs 
less than 2!5 pounds, including 10 
feet of cable and connectors. It has 
an exceptionally large detection area 
of 150 square centimeters; is capable 
of detecting alpha particles having 
energies as low as two mev. 
COMPACT CONSTRUCTION consists 
of a zinc-sulphide phosphor, photo- 


multiplier tube and cathode follower 
pre-amplifier giving 0.25 volt output 
pulses. These pulses are transmitted 
to a scaler or rate meter. The detector 
makes a rapid and sensitive 
survey meter when connected with 
a simple audio-speaker, which pro- 
duces an audio ‘“‘popping”’ noise. 


also 


PRICE is $249.60* and the detector 
is available from stock. For further 
information contact nearest G-E 
Apparatus Sales Office, or write for 
Bulletin GEA-6117, Section 605-81, 
General Electric, Schenectady 5, N.Y 
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ested retail pr 


Progress /s Our Most Important Product 


~ GENERAL @@ ELECTRIC 








International 


Hafstad 
Resignation 


LATE NEWS ons commenrary 


Behind-the-scenes planning for implementation of proposed international atomic 
energy activities (see p. 70 for earlier details) is well under way. It is expected 
that an international agency will be set up by mid-'55. Bilateral negotiations be- 
tween the U. S. and other nations are now in progress, with Morehead Patterson 
in charge for the U. S. 


The second phase of the international program—a world technical nuclear con- 
ference to be sponsored by the UN—is also shaping up. Primary responsibility 
for it will be handled by a committee of the UN secretariat under Ralph Bunche. 
Detailed planning of the technical program will be by a seven-nation advisory 
committee. Presumably the committee will consist of those principal scientists 
in each country that have been advising their respective UN delegations on 
atomic energy—I. I. Rabi, U. S.; Sir John Cockcroft, U. K.; W. B. Lewis, Canada; 
F. Perrin, France; H. J. Bhabha, India; and Admiral Alvaro Alberto, Brazil. It 
is not known who the Russian representative will be. Announcement of his 
name may provide the first indication of who Russia's principal scientist in this 
field is. Rabi, chairman of the U. S. AEC’s General Advisory Committee, is being 
assisted by Robert Charpie of Oak Ridge National Laboratory. 


It is now expected that the conference will be held the first two weeks of August, 
1955, in Geneva. It will probably have a semiofficial status and be a limited 
invitation affair. Foreign scientists are anxious that this be a high-technical- 
level meeting. Many of them feel that insufficient information was declassified 
for the Ann Arbor nuclear engineering congress last June and that it is necessary 
to declassify much more to make the coming meeting worthwhile. Unless this 
is done, they feel, the meeting may be a diplomatic boomerang for the UV. S. 
(It is of interest to note with respect to declassification matters that two European 
journals recently published U*** cross section data that is reportedly classified in 
this country. ) 





Apparently Americans below the policy level responsible for suggesting tech- 
nical subjects for the conference agree with the foreign sentiment on declassifi- 
cation. The program being proposed to the U. S. AEC by these Americans 
covers every conceivable phase of reactor technology and would require a major 
policy decision on declassification. The suggested program calls for double 
sessions, six hours a day, for two weeks. Evening sessions may also be held 
with distinguished scientists discussing broad fields of interest. 


Announcement last month of the resignation of L. R. Hafstad, director of AEC’s 
division of reactor development, has caused much speculation on the effect that 
a change in this post will have on industrial activity. Up in the air at the 
moment are many decisions affecting industry (regulations under the new law, 
prices AEC will charge for leasing nuclear fuel and will pay for regenerated fuel, 
joint AEC-industry reactor ventures, etc.). The man that takes Hafstad’s spot 
could have considerable influence on such matters. 


One man reported as being considered for the job is Alvin C. Graves of Los 
Alamos Scientific Laboratory. Graves, a physicist from the University of 
Chicago, has had principal scientific responsibility for many U. S. weapons tests. 


Hafstad, AEC’s first and only reactor chief, will go to Chase National Bank on 
Jan. 1 as atomic energy consultant. He will represent Chase in conferring with 
groups planning industrial atomic developments. Chase is one of the prin- 
cipal banking institutions involved in utility financing. 
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Progress on 
Regulations 


Army 
Reactor 


Why Cosmotron 
Failed 


LMFR 
Contract 


Libby 
Confirmed 


LATE NEWS (Continued) 


AEC hopes to have much of its preliminary planning on implementation of the 
new law completed in time for the hearings to be held by the Joint Committee 
on Atomic Energy during the first 60 days of the next Congress. The hearings 
are designed to give Congress a regular look at how the law is functioning. 


Eighteen of the 33 companies invited to submit bids on the Army Package 
Power Reactor actually came through by the November 19 deadline. The con- 
tract award is expected to be made by the first of the year. Although some 
companies did not specify who they would buy their fuel elements from if they 
got the bid, it is significant that at least three manufacturers have indicated will- 
ingness to guarantee performance of the elements. On the total bid prices sub- 
mitted, AEC reportedly is pleased with the price spread (presumably small). 


Argonne National Laboratory's new research reactor, CP-5, is now an “open- 
access” facility. AEC has removed security restrictions affecting reactor access. 


Consolidated Edison Co. of N. Y. may build a nuclear power plant on a 300-acre 
site at Indian Point Park on the Hudson River. Recently acquired, “the suit- 
ability of the site for an atomic power plant is under study,” according to the 
company. It is reportedly expecting to go to AEC shortly with a letter of intent. 
The company does not plan to join with other utilities in the project, nor will it 
seek government financial support. Edison is interested in a power-only reactor 
and feels it is not important for them to get a price for regenerated fissionable 
material based on its military value. The company has been “talking to manu- 
facturers who say they can build us a plant.” Vitro Corp. has been hired as 
consultants to evaluate such proposals. 


After exit quadrant of Brookhaven National Laboratory's Cosmotron magnet 
shorted out on November 5, speculation attributed failure to radiation break- 
down of insulation, reduction of insulation ionization potential, or metal chips 
in insulation, But when workers removed concrete shield and copper-bar sec- 
tions of magnet, they found that water had leaked from end of water-cooled 
copper bar, seeped between bar and insulation for about 4 ft, and then caused 
short. Preliminary estimate of repair time is 3 to 4 months—including some 
improvements previously stalled by pressing experiments. Vacuum chamber is 
being modified to allow intense proton beam to emerge; new low-level r-f sys- 
tem is being installed and entire r-f system studied; concrete shield is being 
modified to allow better experimental setup. 


The liquid metals fuel reactor (LMFR) proposed by Brookhaven (NU, July 54, 
p. 11) is being evaluated for AEC by the following organizations working under 
Babcock and Wilcox: American Smelting and Refining, Union Carbide, Oak 
Ridge National Laboratory, Vanadium Corp., Air Reduction, Giffels and Vallet, 
Dow Chemical, TVA, Bechtel (representing Nuclear Power Group) and possibly 
International Nickel. Fifteen men are to work on the project at Brookhaven, 
aiming at a June ’55 completion date. 


The appointment of Dr. W. F. Libby, named to the AEC on Sept. 13 by President 
Eisenhower, was confirmed by the Senate on Dec. 2 after Senator Estes Kefauver 
reversed his decision to block the appointment. 
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Jerome D. Luntz, Editor 


Building the International Atom 


Fo" THE FIRST TIME since the scientific world 
instituted self-censorship in atomic energy 
in 1939, important steps are being taken to renew 
worldwide cooperation in this field. As reported 
in detail on p. 70, the United States has proposed 
United Nations support for peacetime atomic 
energy activities and has also outlined a U. 3. 
plan for immediate help to various nations. 

It was in 1939 that foreign scientists told 
\mericans about important European develop- 
This led to the 


highly seeret U.S.-U.I.-Canadian effort to build 


ments in the field of fission. 


the atomic bomb. It wasn’t until well after 
World War II that other countries began to 
work in atomic energy. Many now have 
vigorous programs, but others are lagging because 
of lack of fissionable material and, or knowhow. 

Although the full scope of the proposed inter- 
national effort is not yet clear, it is apparent 
that dissemination of information will be = a 
major activity. A vast body of technical data 
on nuclear reactors and radioisotopes already 
exists in the nonsecret literature. But much 
still remains concealed, particularly on power 


reactors, 


¥ ANTICIPATION of increased = international 


cooperation, the U.S. Congress passed the 
\tomic Energy Act of 1954, which permits, for 
the first time, communication by the U.S. to 
other nations of “restricted data’ on “refining, 
purification and subsequent treatment of source 
material: reactor development; production ot 
special nuclear material; health and safety; and 
other applications of atomic energy for peaceful 
purposes.”’ It will be possible, vin bilateral 
agreements, for this eountry to reveal sensitive 
and nonsensitive classified data in these subject 
areas. 

This 


A very significant state- 


But the information will be classified. 
could lead to trouble. 
ment on this was recently made by Gordon 
Dean, 


(Commission. 


former chairman of the Atomic Energy 


He said: 


Foreign countries that wish reactor information 
classified, will have to set up. security 
This is completely 
unrealistic and we may very well tie our hands and 


presently 
standards similar to this Gountry. 


make a few enemies rather than friends ... I am 
sure it will be completely unworkable if we try to 
police the security systems of all the countries with 
which we deal . . 

“The only reason we have a security system is that 
we do not want to add to the Russian stockpile. 
Another fact is that the Russians have a stockpile, 
a sizeable one; and within a matter of a few years 
will have enough of a stockpile to eancel out, for all 
practical purposes, the much larger U.S. stockpile. 
Since it would take the Russians about three years 
to take the latest reactor information and with it 
build a modern reactor; and since perhaps the most 
they could expect to add to their stockpile because of 
it would be a small increase in the amount of pluto- 
nium manufactured; and since this would be but a drop 
in the bucket compared to what they have already 
produced, and could have no effect on ‘the cancelling 
out’ situation, I submit that if we operate on the 
assumption that there are real security considerations 
in the reactor field we are going to tie our hands and 
the hands of other countries of the West 


LTHOUGH UNCLASSIFIED INFORMATION Is 
A widely available, it can frequently be diffi- 
cult to locate, particularly for the uninitiated 
Because of this, the Editors of Nucironties 
repeat an offer that they made in 1%51- to 
“assist any reader, especially those in foreign 
countries, in getting nonseeret information in 


We shall be partic- 


ularly happy to help those just starting to work 


the atomic energy field. 


in atomic energy by advising on availability and 
sources of information, 

We feel it is most appropriate for this journal 
to make such an offer because NucLEONTCS is 
an international journal in the fullest sense of 
published 


the word. In addition to having 


articles from more than a dozen countries, 
NUCLEONICS now has subscribers in 64 nations 
Of our more than 11,000) circulation, about 
2 200 is foreign. We have 
1] countries in South America; 106 in Central 
America; 334 In Canada; 1,033 in 19 countries 


in Kurope; 209 in 17 countries in Asia; 37 in 8 


345 subseribers in 


countries in Africa; and 61 in Australia. 

It is only through cooperative efforts that 
atomic energy can be put to use around the 
world. We hope that the international program 
gets under way and that NUCLEONICS can 


contribute to its growth 





Administrative Problems in 


RADIATION PROTECTION 


By IRVING R. TABERSHAW 
and SAUL J. HARRIS 
Director and Associate Rad 
Division of Industrial Hugi 
Vew York State Labor Depa 
New York, New York 


THe New Aromic Enere 
courages rapid expansion ¢ 
und medical applications 
energy and radioisotopes 
rapidity will in great mea 


enced by the legal and adi 


climate provided by radiolog 


regulations at many leve 
The importance of healt! 


is emphasized time and agai 


itself: the need for protection 


‘ 


possible damage is what put 
of nuclear installations inte 
state commerce” catego 
under Federal regulation 
bhige Tor licensing of nuclent 
materials, the Aet speertie 
standards to protect he 
minimize danger to lite 
must be set up by the At 

] 


Commission and complied 


licensees The Act even gor 


fo pro, ile for leense 
failure tocomply with AEC 
AKC regulations have not 
pleted even when the 
sibilities of state, 


authorities will not be 


them All levels of governme 


have considerable say 
building construction 
operating taxes and fees 
operators, and use and dis] 
produet materials 

In New York, the State 


In the light of new legislation and wider 
application of radiation, public welfare 
requires close scrutiny of health and safety 
regulations on Federal, state, local, and 
industry levels. After analyzing existing 
codes, the authors suggest items essential 
to formulation of effective radiation- 


protection codes 


} , : 
developed a radi lon niormation to a relativel small group 


l code to the point wh re l | (il ributing radio- 


put in effect in the near future otope fter wal it included 


cle presents the pri Sophy healt! ilet ] VISIONS In egulations 


compliance 


through 


ition untily 
clentists Workin 
= ated toorate 
ras ana ¢ ved stand 
protection: they did mn Type of Regulatory Code 


slative protection Che unique characteristics « 
dge regarding detection — ti ffeet the approach and scop 
biological effects of radi 

icking: since these effe 
ow and not perceptil 


neither phy 


reement 

nstance hut 

tical as it lacks flexibility and 

opment of basic protes ls development \ performances 
1922. Health-physi ‘ode, setting general exposure stand- 
dsharply in 1942 with ards regardless of source or use, seems 
activi u he only feasible ipproach to radiation 


needs Kept hi This is made evident by con- 
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41—"Med. X-ray to 2 MeV 1949 1X x{| |[x|{x{[x | x x [x [x [x] x] x 
42—‘ Radioisotope Handling 1949 | xX “TX rms |X} | XX} | xX] | Tx {|X 
47—"‘International Comm.” 1951 |X |X |X [oe TR aoe ee _ KIX ] 
48—"Lab. Contamination” sti x) KX} TX] | | | TX] UTE XXX IK XX 
49—"Med. Waste Disposal’ 19511 X x 1 X | x en i Soe 
50—"X-ray Protection Design” 1952 |X x | . aa ; met &| xX] | |X| xX 
51—"Methods & Instruments 1952 |X Txt] [x] x] | ix | [TX] [XTX] 
52—"M.PC in Air & Water Wein; | [mint f ft ti ft ft UU Ud US 
53—"C-14 Waste Disposal 1953 | X Xx x et 2 eee xX |X 
54—'Protection Against Radiations tT 7) ; 
from Ra, Co-60, and (s-137" 1954 | X X X | X _|Xx MIX] X ] |x el 
56—"Cadaver & Isotopes 1953 | x : xX in x xX x 
N.Y. City San. Code «fa x XTX] TX xX |X a ee mr ia 
Milwaukee Ordnance | = X |X] Xi] |XX] |X [xX] 
Cleveland (Recommend.) - x ix} | x ee ee 
Da Te, Ses) [= a a 
Louisville, Ky 7 A> | Leint fee FU |X] _ x xX] |. X | J 
Newark, N. J. (proposed) it” ~ TX Xixgixia xX |X J xX |X |X |X] xX 
oct A ate ee ce i TE X}] oj} | XIX} ] | [XxX] {x} 
Indiana - xX xX Bom ef § fe. X] | |X] 
Mississippi a 7 ee os se {x : xX sii eae eee Ce ~— xX] 
——k: — a mi ORE A _|x ee! ( eee 
Michigan (Recommend.) - xX X | __ |x [|X] Xx 
Texas (Info. sheet) T= | Txt [xy | [xix] T ft Tx |X} 
Connecticut Health Dept 19521 XxX x X1|X|X| XIX] |] ait i xX] ] 
ow ley Heath Dow. xX Tx] [xT xt xt [xt] TTX x 
New York Weolth Dept. Sf 1953] | [X}] | _ 2S ee ee be ee 
Massachusetts (Info. sheet) 1951 | X X |X] xX] | | [Xx = 
rn tober owed) 1 - Tx | Txt xt xT x] xx] [xt x[x]x [xxix 
Calif. Labor (revised) -— |X| X | _| X | xX X |X| X|X |X| X| X| xX] xX [XxX | X [Xx 
New York Labor Dept. (proposed) - |X] X i OB xX Bt ie et ak ck Bt or €B 
Brookhaven Nat. Lab. [1949 T xX] xX |x|]x {xX _ |X] |X| xX] xX]xX |X|] x] xX 
Western Union 1950] X 4 xX] | | |X _ 
Bell Laboratories 1982 xX a |x | x{ q x|_ [x. . X |X |X/| xX) xX 
Western Electric Tube Shop 1941 ¥ 4 a Rimien tmini = 
ACGIH; XRSFE isi|x| x |X xi[xi{xX 2 oe Xx x 
ACGIH; Static Elim. 19531 Xx x xixixl [x : a x x | 
AS.A.; Indust. X-ray 1946 | X xX xX [x] [x] |X] xX] xX] xX [xX] xX] 
AS.A.; Radium (proposed) t- xi xixix!l [x xX | X x 
34) 18 | 26/ 20| 38 | 16/ 15) 12] 42|} 7| 11) 13) 37| 16 |14| 39| 18 














Brief discussions of these codes and regulations are included in the bibliography 
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sidering the available types of radiation illy made radioactive materials, its Exposure Limits 


sources. regulations follow the same pattern as : 
. ‘9 , . A Ss mo ple become re sponsible 
Nuclear reactors. Many reactor » of other Federal administrative cease 

. ° for ad ing radvation-protec- 
sizes and designs are now being investi- ugencies ‘ 
° : rr ; tion req icons containing “ maxi- 
gated for various purposes—power, These regulations agree on a “ per- : 
7 , , . , mum pern issible dose or concentra- 
radioisotope production and as aradlia- rormance approach in which a nu- : 
j ; : lion limits t becomes encreasingly 

tion source. Each type has its own erical standard is adopted, and in 
s : . . ‘ umportant that the assumptions and 

problems of shielding, waste disposal, \ ich the presence Ol radiation must = - y 

. ’ , a implications of such figures be pointed 
and possibly air or water pollutiot be made known to the agency or to 5 
Especially since reactors are in such an thos potentially affected. Specific ’ 
Unfortunately, there is a tenden 
early state of development, specifica xemptions are made by all except by ; 
= ’ . : . : to wnterpret these figures as conditions 
tion codes would be a retarding factor iir Labor Standards Act, which ts ; : : 
- ; R . that are * permitted 1.¢ er posure 
Machines, e.g., accelerators. Out- o inclusive that a rigid interpretation 
7 . . ' ‘ fnat can be consid red as complete i 
put-intensity control is easily accom- vould prohibit employment of minors : ‘ 
: : : and that can be recewed right ip 
plished by adjusting the electri powel! ven where the degree of hazard : ; 
. k ; é slip dated maximum at all 
supply Any code establishing power ( ilent to that of naturally occur- bg 
‘ . oat . Obriously this w not the 
limitations must be very detailed and r radioactivity. 


all-inclusive. Shielding reg NBS handbooks. Certain of these 
would have to recognize the wide var odes were designed to establish stand- 


Also. “ permissible’ um plres 
-made statute. a limit that has 


- Lgnificance but not necessarily 
tions mn powell and shielding-1 ri iva performance and others were A 
, wa Persons recewing more than 
absorption characteristics, as ll; designed to control a specific hazard neage , 
: jf , alue established for the exposure 
possible changes in permissible levels from a specific source (specification : 
° e ° . tion are then breaking a law and 

Encapsulated radioactive material. he basie approach, however, of 
ab . 2 . : . ‘ be subject to fine Tn prepar- 
This material presents an inhalation a ional Bureau of Standards re ao ) effect 

a , ode hat have hie orce an e] ¢( 
and ingestion hazard due to possil lbooks is the education of tatu the 
a or Statutes hemselves suc} 
rupture of the capsule \ 
nology may he appropl rate 
lining specific control technique some confusion : elit se a , 
: recognized that the setectton 0 

external hazards would requ : 
; as , wds to ¢ Upress fhe conce pts 
sive shielding schedules 0 varied i irs vu: ] lor specine 
. mown ; dmierica 


nature. In addition, adec ven problems The biggest contribution of 
lation o7 lrequent checking to til ( handbooks has been in the estab- 


the integrity of the er ulation hy of exposure standards \ 


would he Necessury ! lvl 0 IWAYVS appli ible 
Loose, bulk radioactive material. min itive standpoint, mat 


conditions: 


This material, through dang F 4 e been incorporated 


ternal exposure Ingestiol ernmental codes 


tion, presents the highest ha; lo | reement of the handbooks 
Source Vpes \ sper 
needs to recognize the 


tiveness of varlous radi 





as shielding problem 


previously 


Analysis of Regulations sat i aati Sa 


aknes 
Although the existing reg tion States and municipalities. 
inalvzed are entegorized a ! | I rene! } nade Mit 
Cation or performance ap ( =ing ‘] tf radiation Industries, institutions. 
vary widely in some. essent 
trintions are in great me 
the level of government 
the Spec interest of 
ind the intent to educ 
In the table, items use¢ 
in 46 regulations are 
the standpoint of the 
iweney 
Federal agencies. At t 
there is no all-inclusive Ft 
tion that would be gener } I Ll a) bu l Vv, the regula hnvgien ran n otlers to mem- 
to all radiation sources and all } ons confor ) pa n of a rigid ‘ragencies gui aimed at obtaining 
Although the AEC is unique in it pecification cod uniform regulations on specific prob- 
responsibilits for protecting ns 1 vl} I largel ‘spons! iems any I the ind munici- 


radiological damage from 1 st - ilit \ for other r: ation hazard } regulations i ray shoe-fitting 
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fluoroscopes resulted from the direct 


adoption of the recommendations of 
this organization. 

All codes make provision for indi- 
cating the presence of radiation hazards, 
and all indicate the need for compe- 
tently trained persons. 

Importance of regulatory 
The occurrence ol 
regulatory 
is indicated at the bottom of the table. 

Notification that radiation is present 


the 


items. 
the 


items in the various codes 


Irequency ol 


instrumentation 
The 


vee, the employer, the responsible 


without use ol 


rs most frequently. em- 


wer or all three, must be informed 
that the radiation source is present and 
that some degree of hazard mav exist. 
The next most frequent requirement is 
that qualified expert be responsible 
for radiation hazard control. 

The 


necessit\ 


regulations also indicate the 
of including numerical expo- 
sure standards. Some offer hourly dos- 
ige rates as the criteria for continuous 
Week ( some codes specify 


as the 


genel al 


Xposures ; 


concentrations in air or water 


Where 


methods of safe practice or the tvpe of 


limits. 


rmissible 
instrumentation needed are stated, the 
ive methods of obtaining 


are usually Clearh set 


Essentials of Radiation Codes 
In establishing radiation protection 
every agency, has specific 
idministration determined 
The 


stics of radiation create addi- 


ection and jurisdi tion. 


blems and amplify existing 
regulation intended to solve 
blems must encompass certain 
ecessary for the formulation 

Il tive and reasonable code. 
Jurisdiction. The jurisdiction of an 
leveloping a radiological health 
ist be clearly understood. It 
s intended for educational 
in entorcement 
so stated Penalties for fail- 
omply and the various weights 


s} ould be 


purposes, it 


terminology made 


( 
must 


code Speciy 


Standards. A 


e exposure limits, but there appears 


way to insure uniformity. It 
ntial that these limits, ‘ maxi- 
uissible,”’ be clearly set forth, 
vy in a broad, pertormance- 
cle Since these limits are sub- 
change, provision should be 


revision, 


ide lor @asy 
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The Need for “Qualified Experts” 


While production and other technical personnel can accept numerical safety 


standards and develop suitable safety devices, their training in protection may 


have been minimal, 


assumptions inherent in many accepted standards, and some 
he found to give them the opportunity to use radiation in a safe manner. 


essential step in this direction would be recognition of 


These persons find it difficult to understand the basic 


must 
A nN 


“q califie d persons hd 


means 


who could be made re¢ sponsible for proper inte rpre tation of expos ire standards 


for dit eT SE type Ss of radiation u“ nie rmany conditions 


Radiologists have pioneered in establishing criteria for certifying © qualified 


eX pe rts’’ in medical radiation exposure control. 


But many indu iduals lac k- 


ing sufficient direct medical experience for such certification have significantly 


contributed to radiation protection. 


‘Health ph ysicists”’ 


wn A EC programs 


have been trained specifically to handle many of the problems in radiological 


he alth. 


These persons, properly certified, could expedite radiological health in 


industry and might serve to supplement the work of the official agency 


Closely allied with the question of the 


mine the technical competency of any employee. 


‘competently trained employee” 


“@ ialified erpert” is the need to deter- 


Vany codes state that a 


, 2p > 2 , 
shall be responsible for control of radiation 


hazards without clarifying what this terminology means 


Many training programs in radiological health are now underway, but these 


are oriented for the most part for official-agency personnel currently engaged in 


other duties. 


This training, by agencies and educational institutions, is being 


given without clarification of the degree of proficiency a graduate obtains i) 


terms of either the 


concept. 


“qualified expert” 


or “compe tently trained ¢ mployce 





Where regulations are directed to- 
ward protecting emplovees, the estab- 
lishment of different exposure limits for 
persons who may be significantly radio- 
sensitive, such as 


minors or pregnant 


women, has been proposed. Outright 
prohibition of these individuals in areas 
of moderate radiation exposure may be 
the best solution 

Although 
radiation characteristics have been in- 
these 


} 


technical definitions for 


cluded in many codes mav not be 
necessary since standard definitions are 
now available. The incorporation of 
legal definitions is most essential, par- 
ticularly where the agency carries out 
definite enforcement procedures. 

A performance approach has been 
most successful where the broad prob- 
lems of radiation use are to be regulated 
against. In this type of code, exposure 
limits to employees are set regardless 
of the 
Where the agency wishes to solve only 


tvpe or source ol radiation, 
a specific problem, specification codes 
This 


type of code may be circumvented by 


may be entirely satisfactory. 
substituting a different component in 
the device being regulated and is not 
applicable to new problems. 
Administrative rules. The 
administrative 


formu- 


lation of propel rules 
should include: 


1. Knowledge as to the location and 


hazard potential of all radiation sources 
that 
Information to the agency should in- 


mav be considered hazardous 
clude, wherever possible, the number of 


persons possibly exposed their esti- 
mated exposure conditions, the approxi- 
mate degree of hazard, and the specific 
The 


data required must be suflic iently elastic 


control techniques to be used 
to permit the use of radiation without 
unreasonable restrictions 
This raises the entire issue of registra- 
Registra- 
to alert the 


agency to the potential hazard and per- 


tion or licensing by permit 
tion should be sufficient 
mit it to determine the future applica- 
tion of its rules. Blanket registration 
can be offered to users who show com- 
petency in controlling radiation haz- 
ards. Licensing is both restrictive on 


the agency and industry, particularly 
since the uses of radiation are so varied 
and humerous, Licensing maa be pos- 
sible only where control over one spe- 
such as the X-ray 


shoe-fitting fluoroscope, but is not prac- 


cific device exists, 


tical otherwise. 
Workers should be 


radiation source is being used in their 


informed that a 


occupational environment. This — is 
absolutely essential where distance and 
time are an integral part of the control 


a hl 
| he 


education, such 


techniques. usual modalities of 


as posting of 


11 


worker 





signs, on the job training 
must be relied upon, but the 
modified aecording to labor 
in the specihie plant lu 
cooperation is essential in tl 
as is full confidence in ma 
instructions in safeguarding 
2. Classification of 


sane by degree ol hazard In @S 


SOUree 


t ie development ot practica 
Classification should i 
exemptions and procedure 

exemptions tor essentia 
ous devices using small q 
radioactive material Whe 
film badges or dosimeters o1 
routine air sampling of 
ontrol is highly depend 
Classification of sources 
€.g., an sampling Is 
for radiation-producit 
equipment 

3. \ numerical work 
limit must be included 
for subsequent revision 
effect that revision may | 
ously approved installat 
limits must be in terms ot 
rather than 


materials bee 


personne! 
radioactive 
Variation in radiation char 
different radiotsotopes 
problem is the development 
tory cisteria to permit clires 
son oof materials on the ba 
hazarel potential so that pre 
eation can be made. 

4. Proper maintenance of 


These are of 


and med 


also essential. 
environmental 
records provide data for a 
code and add to the knov 
human exposure to radiation 
event of a lowering of the lin 
sure, such data in the pi 
would enable the higher ¢ 
be reevaluated and theray 
able) to be applied 

The measures aimed 

medical” data must be 
and adequate. Under me 
included dosimetry, physi 
tions, and breath-radon me 


for radium workers Routine 


counts are expensive and at the 


only indicate radiation doses whet 


have exceeded reasonable 
also presuppose failure of the 
protect by other means. For 


{ 


son, coupled with  elassific 
sources by degree of hazard 


dosimetry, air sampling or sur 


a qualified expert should be 


12 


New York State Code 


1) 


Slandards and 


~wory committee was selected 


muary 1953, to formulate a 
( code for the Labor Depart 


rested in the Boar 


‘7 ley pour 
A ppea S Thi 
has been considered by a Labor 
committee and u he 
‘7 p th { hear q 
{fler action on or re 
made at the hearw 


cled by hlic 


pu 
ia proced / 


equlation 


Board 





nined. It 


t 


rt 


Fj 


r 


+ 


final conelusi 
ontrol must rest 
nations made on the 
these should be perfo 
of the same 
per calibration of film 
meters still is a large o 
omplete ieceptance by) 
es However, it can be stated 
are far superior in detecting 
exposure to external ionizing 
mn than the body tissue 1 
extent to which rel 
is delegated by the off 
o a qualified expert shou 
would appear that 
persons can greatly decrease the 
il effort required to administer 
idiation code. If the outside 
is not to be relied upon, the 
must have its own staff. 
nally, the determination of ¢ 
conditions depends to a great 
on the electronic instrumenta- 
d Where possible, the limita- 
of instruments should be speci- 
n the code. The greater the 


lence upon qualified experts who 


Federal Agencies 


Regulations by Federal agencies appear to fol 
»w their interests in health and safety, i. 
and internal administration 


interstate ymmerce 


NBS Handbooks 


The National Committee on Radiation Pro- 
tection has prepared many recommendations on 
safeguarding persons from radiation hazards that 
have been published through the National Bureau 
of Standards Handbooks are also published 
based on work of previous groups. Additional 
ones in preparation include the report of the 
Subcommittee on External Doses and Protection 
Against Radiations up to 100 Mev The follow- 
ing handbooks are available from the Super- 
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intendent of Documents, U. S. Government 
Printing Office, Washington 25, D. C. 

Handling of 
* Outlines methods 


27, 1941 Safe tadio- 
ompound 


ition; many provisions 
’rotection of Radium 
ides recommendations 
individuals 


1d protecting 


wartime conditions 
al X-Ray Protection 
with additions and 


1950). Supersedes 


inde: 


commendations for 
ind not patient; 
ial installations. 
for specif 


Handling of Radio- 
recautions to pr 
medicine 


} ¢ 
vest 


commendation tor 
for Medical Users 
j 


waste disposal 


rations and disposal 


ckoff, L. S 
Data and 
installations 


prin- 


P recommenda 
ior choosing 
upment, 
Monitoring 
isses) practice 
Applies 
complete 
Detection 


to Radiological 
Dise 
shielding 


Instruments.’ 


f 
jua ot 


nsta ations not a 


iments 


Body 
Concentrations in 


lmnan 


published report of Sub 
Internal Dose 


before 


ssible 
in entiret 
concentr 


7 days 


t to change 
ire 24 hr per day 


Recommendations for the 
Wastes. detail 
ipon which recommenda 


arbon-14 some 
rations 
provides some indication of 
nvolved 
1954 Protection Against 
tadium, Cobalt-60, and Cesium-137 
Handbook 23 due to change in 
dose and = additional 
basic principles and 
and in- 


tadia- 


missible 
emitters; 
applicable to medical 
Handling of Cadavers 
Information 


Safe 
ive Isotoy 5 

and medical personnel 
of cadavers 


lling and autopsy 


States and Municipalities 


This list may not be complete at the time of 
writing. Some of these references do not have 
the force and effect of law; others are merely 
codes developed under broad enabling legislation 
to protect the general health and safety, and 
others are direct statutes of law. 

M. R. Mayers, 8. J. Harris, G. W. Paul. 
x} in Shoe Stores,” Table 
Rev New York State Dept. of 
1952. Summarizes status of 


pt.-O 
fluoroscope codes based on information 


Dept. of Health; copies of 


State 
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codes obtained subse 


table are referred to directly in this bibliography. 
Devices,”’ Reg. 286, 
mnnecticut, 1951. 


Fluoroscopic Shoe-Fitting 
Sanitary Code of the State of C 
Specific provisions minimize health hazards as- 
sociated with appears to be word-for- 
word recommendations of ACGIH guide. 


devices 


107a, Sani- 
New York, 
permut tor 
stablishes specific re- 


ASA Safety Code Z54.1- 


Shoe Fitting Fluoroscopy Section 
tary Code, Dept Health, City of 
as amended Oct 1950 Requires 
operating fluoroscope 
quirements; base yn 
1046, 

Requiren yverning the Use of Shoe- 
Fitting Regulation 11, Chapter 
IX Public V N. Y. State Dept. of 
Health, 1953 1 registration with Healt! 
Dept.; deveioy in co ration with Dept. 
t.'s only enforceable 


Additional 


iles wer ‘ h Der 
items 


nents t 


Radiation 

State Dept. o 
u il for cont 
ef state irces, 
intact 
so that units 


be permitted 


Fluoroscopy from 
ACGIH recon 
in use at 

to operate at his losage rate Ru mis ‘ 
written 

Dept. of 

to cove 

Re 

2, 10, 11 

and Indu 
Recomm 

Rad 
ator 
tollows 
ACGIH guid omew!l . idiation rules 


rest 


mizing 


ire more 
Rad 


Indust Sule 
Dept f Relations, California 
| 


ation and Radi Gen 


eral idustrial 
Safety 
1953 


being rey 


idiation contro 


handbooks for 


NBS 
more ¢ 

Regulations for tl of Radioactive Mate- 
Dept. Pennsy! 


1953 


rials 


vania lentat aspects 


of radioactive-mate pte 
not cover X 
statute may be 
* Radiological 
N. J Healt! 
form for review nd one . nen 


for 


permits 
ray ‘ ‘ id apparently radio 
to ear 

and New 


lations i de ‘ iorosco 


act » material 
registration statutes 
City, tegu 
aviolet and infrare 
tules Relating 
trial Code Rule 38, New Yor I t.of Labor 
radiation | 
Instal 


to Rad 
Proposed rules ap} izards 
directed at prote 
classified r 


ations 


Industry 


Many industrial organizations, including large 
laboratories, develop rules for controlling specific 
radiation hazards. Enforcement lies in plant 
management’s labor relations setup. The rules, 
tending to be more restrictive than those of 
governmental agencies, are directed toward pro- 
tecting the individual worker. 
Manual pre nar 
1y4u 
ontinual review 
Part 1 
ation Indicates degree of 
thinking necessar or e program Laboratory 
functions differ fro eI idustr but con 


edition, Brook- 
Primarily for 


Satety 
National Laborat 


laboratory) 


haven 
stall, su may 
mate t ot liu 1 interest 


rad 


contain 
deals witl 


trol techniques are cer i 
Instructions for Handling Hazardous 
active Materials Issuc 2 Bell 
Laboratories 1u52 Responsibility for 
related to radioactive 


flexible 


Radio 
Pelephone 
basic 
protection requirements 
materials committee Progrs appears 
elopments 
Industrial 
Instruments, Inc 

has need for 


enough to cover additional de 
oO. WwW 
Instrument Use 
1950 Has no 


satet (ode for 
of Radium 
direct appl 


Graham 


cation 


Permissible exposures based ASA 
Safety Code (Z54.1-1946 Informative for 
sons interested in radium for gag 


per- 
te ging purposes 
Government Standards for Western 
Shop Operators Western Elec 
Detailed ! i » heations 


‘Federal 
Electric ‘Tube 
Co v4. 
routines for 


tric 
and 
mmude to vacuum 


this 


applying radium br 
tubes only usef r protec : rkers in 
type of operation 


lonotron Static Elin Des and In- 
stallation, Teletypwriter Apparat 
Practices P31.154 


lonotron 


inat 
tems Issue 
scribes static eliminator 
alpha emission gives installation 
imstructions and shipping advice 

hliminators { Hand 
Spec. Y461-A Wester 


Co 1450 Bit 


Static 
ping,’ 
graph 
tices sheet on Lonotron;: ge 
but little technical informatior 


Nongovernmental Organizations 


and professional groups 
besides the National Committee on Radiation 
Protection have sponsored radiation codes. 
Codes, guides, or standards developed by these 
groups have been drawn upon by many govern 
mental agencies in lieu of developing their own 
codes While providing uniformity, any limita 
tions ofthe guides, proposed without legal appli 
cation in mind, are perpetuated Therefore, 
these groups are attempting to review recom 
mendations to make them suitable for direct 
enactment by any agency 


Several committees 


etion tor 
hire 
Radiation 


itise on re fire z may occu 


Joint 


le radiation 


Regulations Fluoroscopic 


iene Codes 
Shoe 
Fitting vit 1 mencan Conference of 
vernmental Hygienists 1951. 
Adopted | any k munmecipalities 1D 
Different tipulated for 


n, and « 1 of 1 0 decreas 


men, 
; stray 
rate with no 
designed for 
consistent with 


radiation lin i ri osage 
consideration time ctor, ode 
specif ! and t 
other nendations 


Radioactive 


Codes 
Static 
Keliminators Phe ri feren of 
Industr 1953. Pri- 
ides handling and 
fixed 
lement to 


rested 


Vy gien 
gulations fo 
Governmental nenists 
marily prov saleguat Me 
radioactive 
This 


GIH 


installing iminators in 
locations 

general AC 
form for state or mut 


of X-Rays,” 


Association, 


Safety Code for the Industrial Use 
2541-1946 American 
1046 ( is of best 
for pre accidents in 
X-rays and ium; appre American War 
Standard rovides fundar rence for 
classifying industrial 1 ographic installations in 
governmental spec ‘ Revised Z54 


Committee is prey ig t 7? this 


Standards 
es and specifications 
ndustrial use of 


onsens 
enting 
ved as 


ental refe 


many 
and 
codes to cover v ‘ or ents in indus 


ation of 


other 


Radon 
Not yet 
mits of 


Allowable Exposure 
237/261, American Standards Ass 
for publication 
exposure to radium or radon pt for mining 
Standard may be forwarded to Z54 
of radiation 


proposes to establish 


industry 
Committee 
standards is being re‘ d. Z37 Com 
I allowable 
hygiene 


where complete rey 
control 
develops 


mittee primarily 


concentration standards for istrial 


problems 
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Ultimate Disposal of 
Radioactive Wastes 


Montmorillonite clay selectively adsorbs fission-product cations. The 
radioactive ions can then be sealed within the crystal lattice by heating to 
1,000 C. These are the basics of a new process for storing radioactive wastes 


By W. S. GINELL, J. J. MARTIN,* and L. P. HATCH 
Brookhaven National I f 
if pton, Ve u ) ork 


ULTIMATE DISPOSAL of resents the results of studies ¢ ‘stimate the safety or permanence of 
fission-product) wastes change properties of the clay orage intanks as a long-range disposal 
lives presents serious brole on of radioactive ions in the clay re ful \lueceh more needs to be 
logical and economi i development of essential process known about such factors as corrosion 
Experimental investigations in the tank systems, adsorption on soil 
been directed toward developing a most prevalent disposal method — and rock, and ground-water flow. 
ess for the confined storage fission-product wastes is to hol Chere is probably no great lack of 
wastes. using naturally o« 1 in underground tanks. Temp agreement to the effect that a new and 
materials, particular idsorption of ions on so n more permanent method of disposal is 
the montmorillonite grou ss of ground water flow may led and much to be desired, but it 
n the ever-present danger of leaks vill probably be necessary to show that 


*Department of Cher il et 1 ' 
Depa ind breaks in the tanks. Sut there is any new method is superior in both 


lurgical Engineering, Univer 5 
igan, Ann Arbor, Michiga ) lequa information on which to permanence and cost 
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NO FIG. 1. Clay-column performance is shown FIG. 2. Leaching of Ce''' from heat- 
" ws ‘ "= for column containing 0.3156 gm clay. treated clay with synthetic sea water shows 
Solution used is 0.02M CsCl treatment temperature effect on fixation 
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\ study of one possible method of 
achieving permanent and safe disposal 
of radioactive wastes, particularly the 
long-lived fission products, is presented 
Briefly, the method is 
based on the adsorption and fixation of 


in this article. 
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Preparing Clay Columns 


FIG. 3. Steel syringe is used to extrude a 
continuous rod of clay-water paste 
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FIG. 4. Clay column contains !/,4-in. clay 
rods, supported by a glass-wool plug 
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results of the second run (Fig. 6) in 
which three columns in series were 
employed. In the.third run (Fig. 7) 
the pH of the feed solution was ad- 
justed to 4.14, as compared with a pH 
of 3.25 for the second run. At the 
higher pH and the same flow rate as 
used before, effluent activity was less 
than 9 of feed activity after about 
2 1 of solution had passed through the 
system. The results of these experi- 
ments do not denote any limitations in 
the capacity of clay columns to remove 
ission products from waste solutions. 
selectivity for certain ions is 

the removal of fission prod- 
» X 10°°M concentration from 
ution in the presence of 0.2M 


Even among the fission prod- 

nselves the clay exerted some 

In particular, it was found 

activity of certain effluent 

nples inereased with time. From 

e and energy of the radia- 

tion, the element responsible was 
shown » be Y,) daughter of Sr. 
Hence, a separation of Sr® from Y*% 
vas accomplished in the clay bed, and, 
consequently, the ratio Sr*’/Y°* in the 
effluent was, for a time, much higher 
than the normal 1-to-1 ratio in the 
influent. By following Y* growth into 
the samples it was established that the 
lay gradually becomes saturated with 
respect to Sr® lone before complete 


ietivity breakthrough occurs. 


Proposed Process 

Figure S shows how montmorillonite 
clay might be used for removing cation 
ictivities from fission-product: wastes. 
In principle, a number of clay columns 
vould be connected in series and moved 
it intervals countercurrent to the waste- 
solution flow. 

The more columns used, the more 
uniform the effluent, and, up to a point, 
the clay would be more nearly sat- 
urated with fission products before 
being removed for firing. Presum- 
iblv, the fired clay would be stored 
in accordance with some carefully 
prescribed plan, or it might be used 
is a source of y or B radiation. 

If used as a y source, the materials 
to be irradiated would not have to be 
brought into direct contact with the 
clav; however, if used as a 8 source, 
direct contact would be required be- 
cause of the low penetrating power of 8 
radiation. The extruded clay might 
be well suited to this application, for 
when it is heated to the desired tem- 
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FIG. 5. Single column shows this performance with neutral synthetic fission-product 
solution. Column is about 1.5-cm diameter by 30-cm high; it contains !4»-in. diam- 
eter clay rods 
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FIG. 6. Three columns in series decontaminate low pH fission-product solution better 
than single column at some flow rate 
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FIG. 7. Fission-product solution at higher pH is decontaminated even more effec- 
tively by three columns in series 
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ymn is added to replace column 3 





In possible process for decontaminating fission-product wastes, column 1 is removed when saturated for firing of its clay; 





perature of around 1,000° C, ¢ t th anions.= Therefore, after energy operations, therefore, might 
retain their general shape the t illowing a reasonable cooling profitably be regarded as a final process 
column remains highly permeable t ul for the decay of short-half- in the operations Otherwise, the 
fluids. Fluids circulated through the ed activities, the clay process may problems of ultimate disposal may be 
column would be exposed to the 6 e sufficiently effective to be used unnecessarily difficult and complex. 
radiation. In addition, the rer iltimate disposal of high-activity 2m 
of internal heat resulting luction wastes 1} F in ae i 
aetive deenv of the. fission a iuet Economics. The economies of the great ass 1 fG. P. Simon and B. J 
would be Ta ilitated 1) fluid fl cess have not been worked out Byrne who inddlesantey rarge proportior 
; the j Thi esearch 
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COMPARISON of radiocarbon ages 
with ionium (Th?*°) and _ historical 
ages suggests the constancy of 
the integrated cosmic-ray flux 
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Advances in Radiocarbon Dating 


Here's how improved low-level counting techniques and deeper understanding 


of the basic assumptions have led to new dating achievements using C'' 


By J. LAURENCE KULP 


Le ont Geological Observator 

( j aly ersity 

P l¢ Vew Yorl 

CORRELATION of the many recent 

idvances in radiocarbon dating was 
hieved at a conference held in An- 

love! Mass., October 21-23, that 


ought together the chief workers in 
About 40 physicists, chem- 


ogists, geologists, archeologists 


the field.” 
ists, bio 

anthropologists traded ideas, tech- 
niques and problems. The conference 
is highly suecessful and may be the 


t important single event in the de- 


* Sponsored by National Science Foun- 
lation, National Research Council, and the 
R. S. Peabody Foundation, 
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thon dating since 


bby 


velopment of radiocs 
its discovery by W. F. L 


soclates in 1947, 


and as- 


The conference agenda was divided 
into three areas: assumptions and basic 
dating 

deal with all 
the first 
information will 


and 


will 


problems, techniques 
This article 


areas, 


re- 
sults. 
three 


Jackground 


stressing two. 


be in- 
First, a 


summary of the present over-all situa- 


cluded to pro, ide perspective, 


tion as reflected in the conference pro- 


ceedings will be given in the two 


following paragraphs. 
that 
sumptions of the radiocarbon method 


It became clear the basic 


have been given considerable experi- 


mental support. Many of the sources 


of error may now be fully defined. 


Techniques of measurement have be- 


come so diverse and are progressing so 
rapidly that new areas of application 
are opening up by virtue of increased 
factor of 10 
(up to 50,000 yr). A large 


of the dates obtained 


precision and increased 
range 
majority so far 
can be readily integrated with existing 
knowledge of historical and = earth 
scrence, 

Some measurements have produced 
anomalies that have been traced either 
to to labor itoryv 


faulty collection or 


error (generally contamination by fis- 
sion-product debris). A few remaining 
anomalies require further study, but it 
was generally agreed at the end of the 
conference that there are no major con- 
tradictions between C™ data and field 
data, 


and over 1,000 measurements in several 
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After six vears of investigation 








luboratories, the radiocarbon 1 


uge determination appears ¢ 





ethod ¢ 


Radiocarbon Counting Techniques 


Assumptions and Basic Problems Countin 





There are two primary a ptions 7 ( 
in the radiocarbon dating et Ba } 
|, the integrated cosmic flux has ound Mod ’ Counte 
been constant for the last 50,000 v« tilde: be Laboratory P cp naitior 
2, the atmosphere-biosphe fs , tion Cal. Tec} ) 15.000 150 Ib yin? CO 
ocean Carbonate reservoir ( sn 
idly compared to the time ‘ the 
Scr ill Lamont 2 6 2 25.000 8 gm ( 
method. : 
. : , on Columbia 
Constancy of cosmic radiation. It , : 
was generally agreed that theoret : 
arguments favor the const UUrts Michigan c 0 - 27,000 Lat 
G ( ‘ »+o ID L4our 
mic-ray flux over long periods t t 2 
a few per cent, but the argument é CH, Magno tt 10 (0,000 OS gm ¢ 
far from = conelusive \ I i 
experimental attack on the ( CI ee ee ? 10.7 Os 1000 1 at | 
was reported by J. L. Kulp (( ‘ 
Certain ocean-bottom sediment f CO) annie Oil ; 15.9 000 1501 
sufficiently homogeneous that 1 { y Kom é 
content varies smoot! t vire, 2-i1 
This fact ean be used to dete th aia 
exeess loniin Tl , content ( C..H . ~ 12 65 0) 17.000 eee 19 
sorbed on the surfaes ( 
mentary particles while Y ’ a - Pm , a 
the water column 1 er ‘ 
ionlum can be used to date et 
CY ) Ne Zealand 14 0 0.2 50.000 Sat S 
since deposition of certs ( It ; ! 
is also possible to date the ( rea 
radiocarbon method usir vw thre 
ate traction largely she LuS e redetermination of the modern Dee] biect H. Craig 
SCOP animals that live ne t - ( y liscussed this problem 
face of the ocean Some work has been done alread 1 erable deta ad showed that 
Cores that meet these r oS. 2 Ferguson New Zealand) re- ect n be sucee ’ moni- 
are rare, and their ted four new measurements ti easuring ( C!3 ratios o1 
makes it necessary to cover ( tree ‘ irious ele tion n t] These aeinemien on 
able time interval to obt ( Zealand representing soft to hard ; seni: tay Chan ecard tna 
sample. Despite these diff tie These were constant to 0.5% ee ee aha 4 
agreement, as shown b thre H. Suess || S. Geological Surve has 4 - , nossi- 
tion on page 14, between t ‘ thres il tree san ‘ ‘ ‘ nat hu y ~~ ition 
I4 and iontum ages was obt t st the U.S. and one m ( er reported that the analvais 
to 25,000 vears ago l'} f \ pared them with the = = oe i ( 
that both age methods f e | ¢ lete nate P ‘ t t : nls 
that the cosmic-ra fl in) The dern east Thi thesis that lecave 
changed by more than 10-20 ; wwpeared to he es . sit toy tenehieneied con die 
sustained period in the ist SO.O00 t ¢ ecte ibout 15 J Lk 1} measurements on a selected 
Further measurements to é tt ite this to the increase . decomposed samples It now 
cision and to extend experiment om the combustion of inlikely that fractionation 
re expected, ¢ ving the past centu It ef imounting to more than a fe 
Mixing assumption. nite out that atomic blasts “ nt do oceu Since this amounts 
urements by Libby showed t ish the modern assay in the -“ wane ghialetn enter al enlv o 
assumption to be true wit] 10 te ectior Hence. to deter- } ears regardless of the age 
for trees. Later Kulp four small differences between ( . le, the problem is not sig- 
constancy in additional tres t ‘ eht variation in absolute age ' samples greater than 10,000 
pherie COs, surface oceat te t is essential that close contact on the or 
and truly marine shells, th sav be established. ticula interesting ano? 
heing within the experimental precision Basic problems. One of the basic | eloped in the case surf 
then available. The ads re ems encountered In an attempt to — or irbonate Craig’s C!? C8 data 
CIslon occasioned by cle ent ¢ Se lating o relative lv recent s ft it su ce-ocean ca bonate 
the gas techniques describe te es is the degree of fractionation he out 5% higher in C™ than 
paragraphs makes imperat t irbon isotopes to which the ie eer a ee 
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sources appear identical in C' content, 
which makes the ocean carbonate ap- 
pear about 400 yr old. 
a slow rate of turnover for the oceans or 


This suggests 


dilution with ancient carbonate. 
G. E. Hutchinson (Yale) 


measurements on certain plants that 


descr ibed 


live in caleareous inland waters. Sub- 
mergent species, which utilize biear- 
bonate ions for their carbon source, 


show low values of C' equivalent to an 
age error up to 2,000 yr. Emergent 
thei 


atmosphere, do 


carbon 
not 
These results em- 


which derive 
the 


anomolous values. 


plants 
from give 
phasized again the need for extensive 
survey material for the modern assay 
and a critical selection of ancient mate- 
rial. Fortunately, it is” relatively 


simple to recognize conditions or 
species that might lead to such errors. 


J. Arnold (U. of 


sized the importance of contamination 


Chicago) empha- 


of old samples by small quantities ol 


recent matter in the form of rootlets, 


humic aeid, ete. 


At 16,000 v1 ago, 0% 


contamination by modern material 
would produce an age error of 2,000 yr. 
However, at 55,000 vr, 0.1% of recent 
material error of 


5,000 yr. 


would produce an 
It was generally agreed that 
there is an age, probably not too far be- 
vond 50,000 v1 where the contamina- 
tion with traces of modern carbon will 
| On the other 


become intolerable. 


hand, some materials such as charcoal 


ire. more readily treated to remove 
traces of modern contaminants, 

G. D. Smith (U. 8. Dept of Agricul- 
ture) evaluated the possible effects of 
soil genesis In samples and emphasized 


the need for careful collection and de- 


ption of the site. 
Techniques 
The early work on radiocarbon dat- 


ng at Chicago, Michigan and Columbia 
used solid carbon mounted inside a self- 


quenching Geiger tube. 


Subsequently 


number of laboratories including 


mentioned have tried most. of 


those 
the other possible methods—ionization 


imbers, proportional and Geiger 
counters, and liquid scintillation coun- 
ters. A major portion of the confer- 
ence was devoted to an evaluation of 
each of these methods with the excep- 
tion of the ionization chamber, which 
ippears to hold little promise. 

The critical data already obtained 
for each technique are listed in the 
20. 


ready been improved by a factor of 10 
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tuble on page Precision has al- 


and range doubled from the original 
screen-wall method. The most prom- 
ising direction appears to be propor- 
tional but the liquid 
scintillation technique is also poten- 
The table shows 


gas counting, 
tially very powerful. 
the situation in each laboratory at the 
time of the conference with some minor 
assumptions on my part with regard to 
the background reproducibility in each 
case, 

At the conference WKulp stressed the 
difficulties 


r¢ 


encountered in obtaining 
with the 


The most severe problem is 


® precision screen-wall 
method. 
the contamination of the earbon with 
The other 


new techniques eliminate this problem 


airborne fission products. 


entirely. 

H. R. Crane 
the simplicity 
the CO.-CS>, system. 
limited to small anticoincidence rings 


Mic higan 
and reproducibility of 


emphasized 
This method is 


and hence small-volume counters since 


long blanking times (3 msec) must be 
used, 
W. H. Burke Magnolia Research 


Lab.) developed the CH, proportional- 
counter method with a particular view 
to using small samples. He has de- 
veloped a small counter that will com- 
pete in precision with the screen-wall 
method while using only 0.2 gm earbon, 
By increasing pressure he can readily 
precision equivalent to the 

and CO Burke 


suggested a tiny high pressure counter 


achieve 
acetvlene svstems. 
to date samples as small as 50 mg. 

H. Suess described his acetylene pro- 
portional counting svstem, the first gas 
system in routine 


operation to itp 


proach 40,000 vr in range. The coun- 


ters are exceptionally stable, and the 


chemical preparation Is hot compli- 
cated although some safety precaution 
must be taken. Kulp described the 
behavior of acetvlene counters ranging 
from 0.5 to Sl. The method is quite 
versatile. 

M. Williams 
Humble Oil Co 
vantages of using CO 


The 


simple and safe. 


and H. R. Brannon 
emphasized the ad- 
aus the counting 
gus. chemical preparation — ts 
For excellent count- 
ing behavior, the COs is adsorbed and 
desorbed on and off pure CaO to remove 
trace impurities such as O», H.O, SO 
They 


in operating at 10 


and the halogens. found no in- 
difficulty 
atmospheres and expect to go higher. 
J. Arnold described his liquid-scin- 
tillation counting system, which is now 
This method 


herent 


in routine operation, 


can, in principle, be pushed to very 
great sensitivity by simply increasing 
sample volume. However, the method 
involves the rather complicated syn- 
thesis of hexane and related hydro- 
carbons from COs, and the final product 
assaved both for 


must be precisely 


total carbon and for isotopic fraction- 


ation during processing. 
G. J. Ferguson discussed his supe- 


rior system based on the propor- 
in large volume 


three 


tional counting of CO, 
counters at) pressures up to 
His 


dures were similar to that described by 
Williams and Brannon. 


atmospheres. * chemical proce- 
He emploved 
an elegant electronic system consisting 
of four output channels designed to 
separate the C' 8 spectrum into three 
parts and in addition directly monitor 


This 


way ol 


svstem 
de- 


counter-g@us 


radon contamination, 


provides u most sensitive 


tecting spurious counts 


impurities, or radon contamination, 
As far as 


eoncel ned, 


techniques were 
the 


NeCESSAL) 
Ferguson's report) was 


high point of the conference 


Dating Results 


About the 
was devoted to interpretation of geo- 


one-third of conference 
logical and archeological results so far 
obtained by radiocarbon dating. In 
general, radiocarbon dates fit all other 
data 
anomalies, 
that 


in each area. There are a few 


but it was generally agreed 
geological 


there are alternative 


or archeological theories that can 
reasonably account for the results, 
There was a general plea for more 


determinations, 
results of 
The last 


retreated across 


Some well-established 

radiocarbon dating follow. 
continental ice sheet 
the Canadian border about 9-10,000 yi 
The mid-North 
America and western Europe were es- 
sentially contemporaneous Man has 
been in North America at least 11,000 yr 
and in South America at least 9,000 vr. 
There “little ice 


ranging from 6,000 to 200 vr ago. 


glaciations in 


ago. 


ages ”’ 

The 
archeological periods from 2,500 B.C, 
to 500 A. D. in Southern and Central 


were se\ eral 


America were essentially synchronous, 
The conference closed with a resolu- 
tion recommending another determina- 
tion of the half-life of C! by the group 
at the National Bureau of Standards. 


* An article by Dr. Ferguson, describing 
his radiocarbon counting system in detail, 
will appear 1955, issue of 
NUCLEONICS. 


in the January 
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Development tests at ORNL indicate that nae. < . ° 

. - Thermocouple 
sodium systems must be designed, well 

fabricated, and operated very carefully to 
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prevent initial inclusion or formation of aa 
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corrosion-causing oxides. Use of inert- 








arc-welded joints, electromagnetic or 
gas-sealed centrifugal pumps, and Fill 
bellows-sealed valves yields a system 
with sufficient life for both scientific and 
industrial applications 
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TYPICAL small-scale experimental sodium system 


By WILLIAM B. COTTRELL and experience with particular components eovered l the Ni rob 
LELAND A. MANN ind the design, fabrieation 


zed tube-to- 


tha oOpera- Phesacde oimts These failures appeared 
Oak Ridge National Labora tion of sodium svstems are considered to have been caused by vibration and 
Oak Ridge, Tenn bit by the “etching” effect of circulating 
PHYSICAL PROPERTIES « Nak on the tubes in the hot zones. 
Nak make these liquid metals particu Heat Exchangers Radiators of all-welded construction 
larly suitable as hich-temnerature Compact liquid-to-liquid and liquid- — emploving large (~ 1 in.) finned tubes 
heat-transter fluids Consequent { heat exchangers have been built vive renable perlormance for conven- 
new technology has been developed fo fed Phe tube-bundle arrange t ut transter ay lon \ 
. one ment thes desions allows for dis- comps sod ) r radiato ( - 
handling them This tecehnolog I Nese sis — fa ” - t soditm t LATOr, 
volves Various aspects ol sodiut tort lis ‘used by adifferential therm wD ny rossflow irrangement wit 
plumbing, + including selection maa expansion Mechanical joints, al- small finned tubes, operated at ter 
terials and design of pumps 7 Thotug videl used i ent ( t t 1700° | st 
heat exchangers, and instruments eat exchangers tre not suitable for Hull Ca hours It Vas ¢ stint 
well as system desigt is blanketn > ng high-temperature liquid metals, ster na is assembled by N 
operating techniques t Cb viiimos 
] nd 1 } if vtre? hiol 
enutions it Is nitiele al ers te RE SUPERS ist be of extre se —— 


rints ana CoTponents 


sodium systems and relates Oak Ridge { ss-spectrometer leak testing Is Bot! COTMMEPCTA Hale elec- 
Nations! Daberatary oxnovieare ‘witl eo ended between construction «= tromagnet pump (Gene leet 
the various components leveloned tuges ithough less exacting tests (a-5) and a twoestage electromagnet 
at ORNL, Knolls Ato Power Lal might be sufficient (e.g., rate of pres- pu ymade at ORNL have been tested 
oratory and Mine Safety Ay Tr ire drop or rise, under pressure oO! ind ed in experimental apparatus 
\ typical liquid mety test lit sae respectively Phe Gi-5 pump, as received, Was Tmiited 
less heaters. insulatior i One countercurrent-flow liquid-to- — to operation at less than 750° F, but it 
mentation) is shown : heat exchanger used Nak as vas modified to operate up to 1,400° | 
on this page. Sumnisrte ORNI t marv and secondary fluid and flows « yp to 16 gal min have beet 
- : perated between 1,000) and — obtained with heads of up to 22 Ib 
Pe > * ag tana a ay rerrenge~- 1.500° F for over 3,000 hr. Both types The two-stage electromagnetic pump 
Washington ID. ¢ La5v 47 nd 304 stainless-s teel tubes were was developed to provide up to 90 
f Sodiur by ds Nak 1; tube-to-header joints were cone-— g min, although the attainable heads 
ee ee wf 25 + re \ ag P i welded and Nicrobrazed. After are much lower. General Electric 
Nak the test, two tube failures were dis- manufactures, on a commercial basis, 
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Summary of ORNL Experience 


Structural Metals 

Oxygen (in Na, seale, or inert gas above Na) forms 
Na.O, which intergranularly attacks hottest parts of 
loop; it can be minimized by carefully fabricating and 
operating system and by using cold trap and purified gas. 

If Na is kept free of O, most structural metals resist 
attack; however, there are little data from systems with 
high flow rates (100’s of ft/min) or large temperature drops 
>300° F). 
stainless steels, Ni, and some Ni-base alloys (incl. Inconel), 


Isothermal statie tests show that Fe, some 


Mo, Ta, W, Cb, Co and some Co-base alloys are suitable 
for extended use up to 1,850° F. Convection-loop tests 
of S.S8. types 304, 310, 316, 347, and 446, Ni, Inconel, 
L-605, and alloy 1010) showed that most S.S.’s were inter- 
granularly attacked only slightly, if at all, after 1,000 hr 
with hot-leg temperatures of 1,500° F, cold leg at about 
1,300° F, 
not appear to be severe, at least with flow rates and tem- 


and flow rate of 4 ft/min. Mass transfer does 


perature gradients used to date. 


Joints and Closures 
Welds. Very clean sound welds are more dependable 
than other joints at high temps., but it is inconvenient to 


cut them for circuit changes (all repairs must be made with 


with Sodium-System Components 


inert gas in the system). Poor welds, even if they don’t 
leak at once, might limit system’s lifetime by allowing 
oxide formation, which increases corrosion greatly. 
Flanged joints. Leaks eventually occur in most such 
joints, largely because gasket relaxes after repeated tem- 
perature cycles. Where they have to be used (as in 
parting faces of pumps), they should be in coolest regions. 
Bolts, nuts, and gaskets should be chosen for appropriate 
combinations of thermal expansion and nonsticking prop- 
S.S. gaskets and Inconel-X bolts with S.S. nuts 
Although leak prevention is 


erties. 
have been used successfully. 
difficult, API-type oval-ring gaskets (8.8. or soft Fe) in 
tapered grooves have been used successfully up to 1,500° F. 
Cu gaskets dissolve in Na. 
kets are best 
special C-clamps) remain cool, retain resilience, and add 


Tapered joints without gas- 
flanged joints. External clamps (e.g., 
dependability. 

Flared joints. 
suitable only for small ('9-in. o.d.) tubes. 
lok,” 
proved quite reliable for joining tubes. 

Expansion joints. No suitable packing material; thus, 
to allow for thermal expansion, bends or bellows are used. 


This type, and compression joints, are 
The “Swage- 


a commercially available compression joint, has 


(Continued on nert page) 





several two-stage pumps that have at two positions. 


Currents of about 


good seal, only a negligible amount 


flow rates of up to 30 gal, min, and 
Allis-Chalmers constructed 
one designed for 
100 |b/in?. 


recently 
4,000 gal/min at 
The G-3 a-c pump was modified to 


use a flexible secondary conductor. 
Flows of about 16 gal/min at 5 lb/in? 
were obtained at 890° F. Performance 
tests substantiated GE Eth- 


ciency increased linearly from 0.5% at 


data. 


2 gal/min to about 3% at 14 gal/min. 
Although data 
temperatures, 


were taken at lower 
most of the endurance 
the recommended 
1,000° F, the pump 


failed when a current lug melted loose 


run was at 750° F, 
maximum. At 
from the cell wall. To obtain ex- 
1,300-1,400° F, 
the pump cell was modified to reduce 


tended operation at 


resistance where-the leads were welded 
externally to the cell. Holes were cut 
side of the 
pump throat, and Inconel rod was used 
nickel 


Current then passed directly from the 


in either stainless-steel 


to weld lugs into each hole. 
nickel leads to the sodium, thus alle- 
viating local heating. 

The two-stage a-c pump developed 
at ORNL is essentially two pumps ar- 
ranged in series, but it has only one 
magnetic flux loop and one current 


loop, each intercepting the fluid path 
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7,000 amperes at about 0.5 volt were 


field 
With- 
out supporting structure, the pump is 
about 30 X 27 in. and, 
pumps 1,500° F sodium, the cell is 
tvpe-316 stainless steel. The current 
loop contains copper buses with nickel 


used, along with a magnetic 


strength of about 4 kilogauss. 


because it 


spacers between the copper and the 
nickel cell 


proved by eliminating any magnetic 


Efficiency is im- 


lugs. 


material within 3 ft of the pump. 
With NaK, the pump delivered 90 
gal/min at about 10 Ib/in®. The 


pump has given entirely satisfactorily 


performance. 


Centrifugal Pumps 

In the gas-sealed centrifugal pump, 
the difficulties of direct sealing of the 
A liquid- 
gas interface is maintained above the 


liquid metal are avoided. 
pump impeller, and only a gas seal is 
required around the shaft. Obviously, 
the pump can only operate with the 
shaft in the near-vertical position. It 
does have a distinct advantage, how- 
ever, in that the pump sump also can 
function as the system surge tank. 
This type of pump has proved quite 
reliable for high-temperature (1,500° F) 
operation; it leaks no fluid and, with a 


of gas. 

Two sizes of gas-sealed centrifugal 
were tested at ORNL. 
had a capacity of 12 gal, min; the other 
pumped up to 250 gal/min. 

The 12-gal/min pump operated over 
4,000 hr at temperatures up to 1,500° FP. 
It used three different gas seals: 1, a 


pumps One 


stuffing-box seal; 2, a rotary-face seal 
of Graphitar-30 operating against hard- 
ened tool steel; and 3, a rotary-face 
MYIF (a 


impregnated graphite) operated against 


seal of Morganite silver- 


hardened tool steel. The stuffing-box 
seals, in which Teflon and graphite- 
impregnated asbestos were used, leaked 
appreciable quantities of gas and re- 
quired Both 
face-type seals proved satisfactory, but 
Morganite MYIF is slightly preferred 
to graphite because of the former’s 
Although 
regular dropwise lubrication with spin- 


periodic maintenance. 


self-lubricating properties. 
dle oil (6-8 drops/day) was employed 
initially, lubrication was subsequently 
employed only when power fluctuations 
occurred, 

The 250-gal/min gas-sealed sodium 
pump operated satisfactorily at high 
temperatures. It functioned in a 
stable manner, and priming, vortexing, 
and degassing problems were easily 


23 











Insulation 


Although 
Johns-Manville Superex, Phil 


most insulating 


-Carey 


and lead-mill or steel-mill wool 


materials 


slag 


Summary of ORNL Experience with Sodium-System Components (continued) 


inside 


react with Na have 1 mil 
Hi-T¢ mp. No. 19, 400° F Nak. 
are suitable for 


1,500° F applications; they have good insulating properties 


and are relatively inert to Na 


Pumps 


Electromagnetic. 
head Vs flow) allows. They } LVe 
quite reliable), but are inefficient 
rates, 
at ORNL. A GE G-3 
modified to function at 


pump 
1,400° F; 
were obtained with heads up to 22 
eM unit made at ORNL pumped 
with heads lower than the G-3’s 
Centrifugal. Most 
reliable; they leak no fluid and 
but must be nearly vertical. Alig 
Lack of 


housing must be preserved. 


seal limits these pumps to the larger 


A small pump with 12 gal/min flow 


1,000 hr to test gas-seal 


1,500° F; a larger version pumped up to 250 gal/min. 
A Ith ug h otherw ise 
temperature Na service, these pumps cannot be used ove 


Canned rotor. 


~1,000° F 


motor windings. 


changed, but maximum over-all efficiency decreased from 


) 


a value of 35.7% to 27.3% when 


sg-hp motors were modified so that 10-mil-thick cans fit 


Preferred where cost and application 
no moy 
especially at 
Two types of EM pumps were used experimentally 
limited 
flows up to 16 gal 
> hy 


up to 90 g 


efficient: gas-sealed 
little gras 
rment of 


a suitable 


rates Was 


modifications 


because of thermal damage to insulation on 


Head-vs-flow characteristics 


a normal pump’s two 


The problem 
seal-less valves. 


self-welding, 


thus, 
flow 


ing parts 


Na or 


low 


to <750° F was 


mun 


in* A two-stage bellows 


but bellow S is 


ai/ min, 


the motor stators. 


12-mil clearance. 


seal leakage 


locate 
perature is 1,200° F or less 

Bellows sealed. 
Nak; ho fluid leakage. 
valves of this type used routinely include those made by 
Wm. B. Powell, Fulton Sylphon, and Crane companies. 
A single bellows is usually filled with liquid, but a double- 
arrangement 
better. 





Armatures were machined to 


Operation Was satisfactory with 


Valves 


can be avoided by using 


To prevent valve faces and seats from 
valves at circuit points where tem- 
Most satistactory valve-stem seal for 


Commercially-available 


with an entrapped gas between 


Some self-welding is experienced at 


1,500 I: more tol que is needed to open \ aly e: no corrosion 


versions are 
with a good seal), 
Ball check. 


unidirectionally. 


shaft and seal 
packed 


gas-seal varieties. and 


used for 
Na 


with up to 


Packed seal. 
high- 


suitable 


Io! 


were un- Na pressure; 


or self-welding troubles at 


housing and fittings were 
stuck slightly in open position 


Leaks occurred through: 


Amosite 
under 15-lb/in* Na pressure. 


throttling at high temperatures. 


1,200° F. No difficulty for 
Successfully transferred 1,400° F fluids 
Balls were type-440 (passivated 5... 
of tvpe 316 S.S. Balls 


but pressure or tapping 


corrected condition. 
No satisfac tory 


valve packing was found. 


graphite powder at 600° F under 


10-lb/in? Na pressure; soda ash at 1,300° F under 10-lb/in? 
Na pressure; Met-L-X after 2 hr at 1,500° F under 15-lb/in? 


after 21 hr at 1,500° F 
Although Pb-mill slag and 


asbestos 


Ni metal powder did not leak after 10 days at 1,500° F 
under 15-lb/in? Na pressure, the tests were discontinued. 





handled. The 
system surge tank. 
oil-flooded 
ring floating between two 


sump tank served as 


The GAS Se al con- 
sisted of an Graphitar-30 
hardened- 
tool-steel surfaces, with contact main- 
Coolant 
the 


seal kept wear faces at low tempera- 


tained by a bellows spring. 


circulating in three regions ne 


tures. The pump was modified to 


] 


provide: adequate clearance for level- 
control probes (to prevent electrical 
shorts), 


labyrinth between interface and seal 


reinforced guide vanes, a 
battling to reduce liquid turbulence 
and a parting face in the pump casing 
above the liquid level. 


Welding Techniques 


Examples of special weld 


dures include: an inert-gas shielded- 
are d-e process, negative ¢ lectrode 

with a machined, cleaned, and un- 
stressed base metal; filler of '4g—3 4 9-in. 
rod (Inco No. 32 for welding Inconel: 
same material as base metal for stain- 


} 


less steel); 4% 6—3g0-in. tungsten elec- 


trode with a 90-deg point; one to five 


24 


passes with the work rolling hori- 
zontally or fixed vertically or hori- 
zontal lap joints flush at weld and 

l¢-in. clearance at butt joints 


with 100-dege bevel; shielding blanket 
is pure argon 15 ppm O.) flowing at 
hr: beneath the weld the blanket 
15 ppm O 


helium flowing 


The welder must be 
specially trained and qualified to ex- 
tremely exacting requirements. 


Sump and Surge Tanks 

Both sump and surge tanks usually 
ire included in large liquid-metal sys- 
tems, but sometimes the sump tank is 
omitted and/or the surge tank is incor- 
porated in a vertical shaft gas-seal 
centrifugal pump. 


The 


sump tank stores the liquid 


metal between runs and is the lowest 
point in the system. It contains an 
inert atmosphere (usually helium) and 
has temperature and pressure in- 


strumentation, heaters, insulation, gas 


pressure and bleed connections, and 


eve naicators 


The surge tank provides expansion 
volume for the liquid sodium (which 
expands 20% from 250-1,500° F) and 
is at the top of the circuit. When 
separate from the pump, the surge tank 
usually precedes it in the system. Its 
auxiliaries are similar to those of the 


The 


be prevented from boiling or vaporizing 


sump tank. liquid metal must 


excessively, since such vapors condense 


and plug the gas lines 


Heaters 
Because 


208° F to be liquid, svstem heaters and 


sodium must be above 


insulation are vital parts of a sodium 
system. Some of the Nak alloys are 


in liquid form at room temperature 
For 
readily available units ean 
1,000° F. 


insulated 


and, thus, do not require heaters. 
test 
heat 
Externally 


runs 


svstems to well over 


mounted resist- 


ance-wire heaters generally are ade- 


quate although direct resistance heat- 
ing sometimes has advantages. * 
* Despite the Harwell 


to heat their sodium systems. 


apparent hazard, 


uses steam 
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Thermocouples 
Thermocouples can be attached outside containers or 
Temperatures up to 2,000° F 
measured by chromel-alumel couples and recorded on 


inserted in wells. were 


multipoint Brown recorders. Accuracy depends on fabri- 
If recorders are calibrated fre- 
+5° F be- 


Commercially available temperature 


cation and installation. 
quently, temperatures are measured within 
tween 0-2,000° F. 
regulators can maintain temperature to within few degrees. 


Level Controllers 


Generally, any level-indicating device can be adapted to 
level control; but only spark-plug-type probes and the 
float 
applied to automatic control of liquid-metal levels. 

Spark plug. 


but level oscillates at least 1¢ in. 


variable-inductance device have been routinely 


Preferred method. Rugged and simpie, 
and indication is not 
continuous. Commercial plugs with extended electrodes 
provide leaktight lead through container wall, and cooled 
risers prevent shorts. Spark-plug ceramic fails in hot 
sodium, does not fail in hot gas. 

Variable inductance. 
maximum temperature was limited to 1,3800° F. 1,500 In 


operation gave no trouble and, by using limit switches on 


Continuous level indication, but 


the indicating millivoltmeter, level was maintained within 


0.5%. Calibration at desired temperature is necessary. 
Resistance. Simple, rugged, and gives continuous 


level indication, but readings fluctuate. Undependable. 
Gas bubbler. Sensitive to 0.04 in., good response. 

Continuous gas bleed makes gas line badly susceptible to 

plugging and puts premium on extreme purity of gas. 


Resonant cavity. Although messurements were only 


simulated, indication should be continuous and accurate. 


Flowmeters 


Electromagnetic. lost Mounted 
to fluid pipe; continuous, accurate, and dependable; head 


suitable. external 


loss is negligible. GE makes satisfactory commercially 


available unit. 


Venturi. Simple, dependable, no moving parts in 
liquid, but pressure measurement necessary. 
Rotameter. Continuous, accurate, enclosed system, 


but it cuts off at low flows and maximum temperature of 
fluid is 1,300° F. 

Rotating vane. 
cause signal small compared 
temperature limited to 750° F. 
because of success of EM and variable-inductance Rotam- 


Enclosed system, but unsuccessful be- 


with background; max. 


Development suspended 
eter flow meters. 


Pressure-Measuring Devices 


Bellows. Null-balance, direct measurements, high tem- 
peratures, commercially available (Moore Products Co.), 
Need for small but continuous gas flow is a disadvantage. 


Pressures up to 70 lb/in? have been measured. 


Diaphragm. Null-balance, direct measurements, high 
temperature (1,040° F); but needs continuous gas flow 


and is less sensitive than bellows. Pressure 
0-40 Ib/in?, 
Bourdon. 
trapped-gas volume is needed. 
Manometer. Accurate, but fragile; temperature lim- 


ited, requires a trapped-gas volume. 


range; 


Inexpensive, but temperature limited, and a 





Satisfactory service is obtained from — heating 


several kinds of external heating units, 
integral 


including: 1, prefabricated 


rates «are 
tions of 1-in.-IPS pipe 6 ft long have 
been heated to 1,500° F, 


Sec- sufficient life to be useful in indus- 


trial applications. 


obtainable. 
Subsequent im- 


and convec- provements, which reasonably can be 





heater and insulation assemblies; 2, 
flexible heating cable wrapped around 
the object to be heated; and 3, Calrod- 
type heaters. Limiting temperatures 
750-1,800° F) are determined by the 
heating elements, and depend on the 
lifetime desired. The integral assem- 
bly, which ean be made in many sizes, 
ean be clamped quickly on the part to 
be heated; such heaters have operated 
more than 1,000 hr with filament tem- 
1,800° F. The flexible 


heating cable can be tightly wound on 


peratures of 


geometrically complex surfaces and 
can be used with filament temperatures 
of 1,500° F. 
tured Calrod-type units vary widely in 
but the GE 


most satisiactory. 


Commercially-manufac- 


quality, units have been 


Resistance heating is attractive 
because direct-resistance methods uni- 
heat constant-cross-section 
equipment. With this method, heater 


failures are eliminated, and very high 
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formly 


tion loops have been heated above 
2,000° F for hydrogen firing. Where 
applicable, resistance heating is gener- 
ally superior to other types, since heat 
is generated internally at the point 
where it is desired and the need for 
heat conduction by air or other gas is 
eliminated. 


Conclusions 

Although the sodium-system_ tech- 
nology is in its infancy, it has already 
developed to the point where circulat- 
ing-sodium heat-transfer systems have 
been successfully operated for several 
Whether or not— 
in any given application—the use of 


thousands of hours. 


sodium would effect the most econom- 
ical process can be determined only by 
However, 
of the components required for any 


thorough analysis. many 
sodium system have been developed; 
most of them perform satisfactorily 
and give every indication of having 


anticipated in so vouthful a technology, 
can only serve to enhance the use of 
sodium. Even now, the sodium sys- 
tem can be fabricated from any one 
of a number of commercially available 
structural metals, the choice being de- 
pendent upon strength and fabricabil- 
ity, since corrosion of most structural 
metals in sodium is negligible. In 
addition, many commercially available 
items, such as valves and instruments, 
The 
unique developments upon which this 


are suitable for use with sodium. 


successful use of liquid sodium has 


depended include: 1, adaptation of a 


pump to liquid metals; 2, fabrication 


methods; and 3, operating techniques. 
* * * 


Except for the corrosion data, which was 
obtained from studies directed by ORNL's 
metallurgy division, the 
performed by members of ORNL's experi- 
mental engineering department under H. W. 
Savage, who reviewed and emended ORNL- 
1688, the report upon which this article is 


hased. 


work repo ted was 
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Relationship among absolute neutron-source 
calibrations at the present time and in 1951. 
source strength that would be measured at different 
laboratories for a particular source that measured 1 at 


Chart gives 


Progress in neutron-source standardization is reported here following visits 


to the major laboratories concerned 


By D. J. HUGHES 


Brookhaven National Labora 


l pton, Vew York 


MANY LABORATORIES 


and calibrated standard 
sources, but the calibrations 


agree exactly from one | 
the next. A common st: 
laboratories is required i 
importance of standard 


quantitative measurement 


have constructed 


neutron 
ao not 
iboratory to 
mdard at all 
1 view of the 
SOuUTCeS in 


5 Standa 


fluxes are needed to measure the partial 


cross sections of whieh a te 


tion is composed ; for exam 


activation section 


CTOSS 


ital cross sec- 


Tle NSS1ION OF 


s, Standard 


sources, Which emit a known number of 


second 


fast neutron pet 


rectly a standard fast-1 


Placed inside a moderatit 


they produce an easily ca 
slow-neutron flux. Porta 
sources are also of great \ 
mining the efficiency of | 
instruments. 
Interealibrations of star 
at different laboratories | 
surprising discrepancies, 


the unsat isfactory state 


tional neutron source interea 
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wutron flux 
culated (J, 

ble standard 
ilue in deter- 


enit -physics 


dard sources 


ve Treveale d 


ot interna- 


rations, 


a visit* to the laboratories involved 
was arranged to study their calibration 
methods and to determine the con- 
sistency ol absolute calibra- 


tions. The 


present 
principal luboratories 
isited and their sources and calibration 
procedures are listed in the table. 
Only those absolute sources are listed 
that have 


others 


been intercompared with 
Thus some earlier calibrations 
that cannot be compared with recent 
ones are omitted. Ina few-cases, source 
strengths have been corrected by the 
f 


Isé ol 


improved cross-section values 
The errors are those quoted by 
the individual experimenters; the more 
recent calibrations have the highest 
claimed accuracy but probably present 
a more than is 


rapid improvement 


actually true. 


Intercalibration of Sources 

While absolute calibrations to 5% 
ire difficult and contain many correc- 
* Sponsored by the National Research 
Council Committee on Nuclear Science. 


tions, 1t Is possible to compare two 


sources to 1% without great compli- 
cation, particularly if their energy dis- 


This 


made by 


tributions are similar inter- 


calibration may be slowing 
the neutrons in a moderator and com- 
paring the neutron fluxes. Thesources 
can also be accurately compared in a 
few minutes by measuring the neutron 
multiplication produced in a subcritical 
reacto! This method is extremel\ 


insensitive to differences in energy 
spectra 
Inter 


calibrated in 


ilibrating sources 


previously 
individual laboratories 
evaluates the source calibration methods 
of the various laboratories. In the 
intercalibration program it Is first neces- 
sary, however, to investigate the con- 
sistency of the intercalibrations them- 
selves, even though they are much 
simpler than absolute measurements. 
If the intercalibrations form a consist- 
ent set, one obtains ratios among the 


absolute calibration methods in differ- 


ent laboratories throughout the world, 
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Standard Neutron Sources and Calibration Procedures 


Source strength, Q 


Laboratory Reference (108% n/sec) 
Los Alamos (5) 5.9 +0.4 
Argonne 6) 5.5 +0.4 
Harwell (7) 9.66 + 0.5 
Sweden 8) 2.57 + 0.01 
Italy (9) 3.01 + 0.15 
Belgium 10) 15.20 + 0.3 
France 11 5.07 + 0.24 
Switzerland 12) 0.60 + 0.05 
UL. S. National 

Bureau of 

Standards 14 1.27 + 0.04 


Calibration method 


Water bath; BFs ionization chamber 
Water bath with B; measure He pro- 
duced by B(n,a) 

Reactor; compare change in k with 
that produced by absorber 

Water bath; BF; counter and Au foils 
Water bath; Li-containing counter, Li 
foils 

Water bath; Au foils 

Water bath; Mn foils counted in 4x 
counter 

Water bath; Mn foils 


Water bath; BF, ionization chamber 





and the accuracy of the calibrations is 
thus assessed. 

Unfortunately the intercalibrations 
made during past years do not form a 
consistent set; as a result it is necessary 
to eliminate some to ascertain the true 
relationships among the absolute cali- 
brations. In comparing the intercali- 
brations it turns out that consistency 
is obtained if only those calibrations 
are used that have been repeated in 
several places with good agreement so 
that one is reasonably sure that no 
error has occurred in the comparison, 
The result of this procedure is that all 
sources in the table except the Swiss 
source can be related unambiguously. 

The results of the intercalibrations 
today and in 1951 are presented in 
Fig. 1. The 1954 intercalibration sig- 
nifies that a source that has strength of 
1 when calibrated at Argonne would 
have a strength of 0.98 if measured at 
Harwell, 0.95 at Los Alamos, ete. The 
1951 interealibration (1) is presented 
for comparison purposes only. For 
convenience the Argonne source ¢ali- 
bration was taken as 1 in Fig. 1 since, 
at present, it gives the highest apparent 
source strength. 

The Los Alamos source* has been 
carefully compared with the Argonne 
source by the reactor method (6) so 
that the ratio of the Los Alamos abso- 
lute calibration to that of Argonne is 
well established. The Harwell source 
in turn was calibrated by several meth- 
ods against Los Alamos source No. 40. 
The average of three methods with a 
4% spread is used here. Thus the 
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Harwell standardization is reasonably 
well related to that of Los Alamos.t 
The Swedish source has been calibrated 
against the Harwell source both in 
Sweden and Harwell with good agree- 
ment, so that the Swedish calibration is 
well fixed on the 1954 seale. The 
Belgian source has recently been com- 
pared to the Argonne source both in 
Belgium and at Argonne with consist- 
ent results. The French source was 
compared with the Belgian source both 
in Belgium and in Paris with good 
agreement as well. 

There is a secondary check on several 
of the intercalibrations just mentioned 
because the Harwell standardization 
has been compared with the French 
standardization by means of compari- 
son of irradiated foils at the two labora- 
tories. This foil comparison gave a 
ratio of Harwell to Paris of 1.05; the 


* The Los Alamos source listed in the table 
is their No. 44; other sources, their Nos. 40 
and 70, calibrated relative to No. 44, were 
used in subsequent intercalibrations with 
sources of other laboratories, No. 70 being 
used for the Argor ne intercomparison 

+ There is evidence that Los Alamos 
source No. 40 is now 2° weaker relative to 
Los Alamos No. 44 than it was at the time 
of the original calibration. The change 
seems to have occurred about the time of 
the Harwell intercalibration, but there is no 
way to ascertain if the Harwell point should 
be changed by this amount. Because of 
the possibility of this small change and the 
spread in results of the three methods used 
at Harwell (about 4 
relate the Harwell calibration to the others 


, it is advisable to 


once more by a careful source intercalibra- 
tion. Any resultant change would also 
move the Swedish point in Fig. 1, for it is 
related to the others only through the 
Harwell calibration. 


figures just listed also give this ratio. 

The recently calibrated NBS source 
(13) has been compared with the Los 
Alamos and Argonne sources with con- 
sistent results that place it in the cluster 
at 0.95. At first the NBS calibration 
emerged surprisingly low, namely 0.88, 
but the recent (October, 1954) final 
value of the Q of this source gives the 
excellent agreement now shown in 
Fig. 1. 

The Italian source was compared 
with the French source both in Milan 
and Paris so the Italian standardization 
is well fixed on the seale of Fig. 1 rela- 
tive to the French standardization. 
The situation is much less clear relative 
to the Swiss source. Its comparison 
to the Italian source in 1950 (giving a 
0.79 value on the 1954 seale) agrees 
reasonably well with its comparison 
with the Swedish source in 1951 (a 
value of 0.76 resulting), the latter com- 
parison being made both at Basel and 
Stockholm. However, a 1951 com- 
parison at Harwell with the Harwell 
and Los Alamos sources gave a much 
smaller number, 0.64, for the Swiss 
absolute calibration. The Swiss point 
has not been placed on the 1954 scale 
because of this large discrepancy, but 
there is no doubt about the fact that the 
Swiss absolute calibration is definitely 
less than all others. 

The improved status of international 
source calibration methods revealed by 
Fig. 1 is indeed gratifying. To some 
extent the present consistency of cali- 
brations is a result of the larger scale 
(in time and expense) of some of the 
recent measurements. However, this 
consistency is also a measure of the 
understanding of the important factors 
in accurate standardization that has in- 
creased with the trend to high accuracy 
in all neutron-physics measurements. 

It is possible to combine the results 
of the different absolute calibrations 
and thus improve the accuracy of the 
source strengths of individual stand- 
ards. This procedure does not change 
the value of the most recent standard- 
izations but can be considered to lower 
the errors somewhat. For example, 
omitting the Italian and Swiss results 
because they seem of less inherent accu- 
racy, the others give a weighted average 
of 0.95 on the seale of Fig. 1, a figure 
that fortunately coincides exactly with 
four of the source calibrations, Los 
Alamos, Sweden, Belgium, and NBS, 
Thus it might be reasonable to take for 
the Argonne and Harwell source 
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Neutron-Source Preparation and Calibration 





V ost standard neutron sources are based on the (a.n) reaction of Be. with the 





supp ied by a long-lived radioelement. Figure 2 illustrates the so-called 


pre ssed Ra-Be source’ 15), made by pressing an wrture of RaBre 
powder and powde red Be to maximum density. These sources produce an 
emission rate, Q, of about 107 n/sec qn Ra Lifter construction, ( increases 


t 


of the orde r of 0.5 ¢ per year hecause of the formation of Po 10 Vo appreciable 


change in emission rate resulting from shifting of ingredients is indicated hy 


ai ailable él ide nce, 


{ photone utron SOUTCE, Fig oO, W enmtployed DY the Vationa Bureau of 
Standards. Itisa Ra-y-Be source in which the Ra a particles do not reach 
the Be, the neutron production resulting from the Be®(y,n)Be® reaction A 
disadi antage of the Ra-y-Be source ts the much lower enerqy of emitted neu- 
trons, which makes intercalibration and certain ¢ 


pe rimental uses difficult. 


{hsolute determination of Q for a standard source is a difficult task; up to 








the prese nt time most absolute calibrations have been made to only about a% 











accuracy. The absolute calibration is usually made by slowing fast neutrons 





. 2. Pressed Ra-a-Be source emitted from the source down to thermal ene rgy ina surrounding moderator, 
4 isually a water bath. The rate of thermal-neutron capture throughout the 
moderator then gives the emission rate of the source, if capt ire d “ring moder- 


ation is negligible or corrected for. 


T he capture-rate measurement can be by various methods (16), for example 
hy the disintegration rate in an ionization chamber containing boron or by the 
activation of a gold foil whose acti ity se 4 ioseq ue ntly measured. This 


) 


measurement can be made to an accuracy of 30%, but other uncertainties in 
the complete calibration proced ire, such as leakage of neutrons from the 


moderator, raise the final error. 





Another absolute calibration method, used at Harwell, (7) makes use of a 





reactor. When a neutron source is momentari 4 anserted into a reactor al 
affects the reproduction factor, k, just as a neutron absorber does but in the 
Op] osile sense. By comparing the source "s ¢ fhe cl on reactor powe r (eve l with 
that of an absorber, Q can be obtained from the capture rate in the absorber, 
letermined by its resulting radioactivity. Because of the integrating effect o 


the reactor, the absorber need be at one povnt or inlike the water bath method 


js 


. 3. NBS Ra-y-Be photosource in which spatial integration is necessary. 





strengths a “best value” a few per cent may have superior features. At a BIBLIOGRAPHY 
lower than their measured values and meeting at Harwell in July 1954, new =. 
similarly a strength somewhat higher _ possibilities for source calibration using Cambridge, Mass., 

*Experir 


than stated for the French source. the photodisintegration reaction were hy oe 


These changes are not very great as discussed, and it now seems possible 
they are just on the edge of the experi- — that a photosource will be calibrated in 
mental uncertainty of the calibration the next few vears with accuracy of the 
The source strengths obtained in this order of 1%. The principle to be used Se dl, 8. 
way, however, can probably be co is to count the photoprotons produced 7 (1947 
sidered as having an accuracy greater in the deuteron disintegration, d(y,n)p, 1) 
than that of the individual calib , utilizing the 1:1 correspondence of pro- 
probably of the order of 2%. TI tons to neutrons. This photoneutron 
figure certainly represents @ great 1m source would have an energy distribu- 
provement since several years ago tion greatly different from the usual 

All but one (the NBS) of the sour Ra-Be pressed source, however, and 
described are of the same tvp ind all ire would be necessary in intercalibra- 
but two (Argonne and Harwell) were — tions in which it is involved. 
calibrated by closely 
There are certainly other 
both with regard to new typ 


as well as calibration 
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Activation Analysis 


Determines Sodium Content 


of Aluminum Alloys 


Precision better than 1%, a limiting accuracy of 0.0001%, and an average 
standard deviation of 0.00024% are obtained in the range 0.01-0.04% sodium 


when neutron-activation analysis is applied to aluminum alloys 


By ROBERT C. PLUMB and 
RALPH H. SILVERMAN 

dluminun 
1 num Company of America 


Ve Lensinaton, Pa. 


Research Laboratories 


NEUTI 
ples and techniques, 


ON-ACTIVATION-ANALYSIS princl- 
as applied to 
determining the sodium content of alu- 
minum alloys, are presented by this ar- 
tick \fter outlining the procedure, 
is of the 


ration, 


irradiation, chemical 
and measurement steps are 
The precision and accuracy 
ned and the problems overcome 


resented, 


Analysis Principles 

Analysis by neutron activation has 
been described by many authors (1-4). 
In its si 


ig samples containing an unknown 


mplest form, it consists of ex- 


int of an element together with 
ds containing a known amount 
hat element to a neutron flux and 
ring the activity produced in 
In the general case a variety of 


radi sotopes could be produced irom 
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elements in the samples. Therefore, 


the radioisotopes being determined 


must be separated chemically. A 
salient feature of activation analysis is 
that the separation need not be quan- 
titative but must vield a product of 
free from 


radiochemical purity, 7.e., 


other radioisotopes. A large quantity 
of nonradioactive carrier may be added 
to the 
tate the separation. 
method — of 
scribed here has a distinct advantage 


irradiated material to facili- 


The compat ison 


activation analysis de- 


over many other comparison methods 
in that primary standards, such as pure 
salts, can be used. 

There are several possible shorteom- 
It is gen- 
flux 


ings in activation analysis. 
that 
reasonably 


erally assumed neutron 
through 


constant. 


sized samples is 
However, in detailed con- 
sideration, there may be variations in 
neutron flux over the irradiation con- 
tainer dimensions from inhomogeneities 
in the neutron source and from attenu- 


ation of neutrons by the samples them- 





Chemical Analysis Method 


Determination of sodium in aluminum is customarily made by a spectro- 


chemical comparison of samples with standards whose sodium content has been 


determined by a sinter-leach method (5 


Comple le ness of sodium re moval from aluminum by the sinte r-le ach me t} od 


has been open to question. 


chemical determination because of the difficulty of preparing 
standards of known sodium concentration and the prohibitively 
é neounte ré d in comple te sample dissolution proce d iTeS, 


analysis appears to have sufficient sensitivity and inherent accura 


There has been no direct proof of the validity of the 


synthetic metal 
large hlanks 
Ve itron a tivation 


to be 


apple d as an inde pe nde nt me thod of analysts. 
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selves. Similarly, the 
the 
thermal neutrons 
but 


conditions 


highest 


Ing Cross 
are ol 
actual 


type, under 


nonthermal neutrons 


eause transmutation reactions 
as (na) and (n,p)]; producing 
the 


from other elements originall, 


isotopes of element in qu 


in the sample. 


Experimental Details 


All the samples analyzed were cut 
from existing spectrochemical stand- 


30 


nitric acid, then wrapped in aluminum 


foil fon 


ate an 


were the primary standards irradiated 


with tl 


Packaging. Th 


aging 


vestigated with respect to neutron at- 


tenuat 


\ ] 1 
Vial i 


than an aluminum vial 


resulte 


arking area 


ion by the container 


DECAY (left) and absorption 
(above) properties of Na*‘ sepa- 
rated from irradiated aluminum 
alloys and pure sodium salts. 
Close correspondence (parallel to 
within 1 [%) shows effectiveness of 
purification procedure in eliminat- 
ing all radioisotopes other than 
Na**, Curves 1 and 2 show pure 
sodium salts, curves 3-7 show so- 
dium separated from aluminum 
alloys. Decay measurements are 
followed for three sodium half- 
lives 


One-gram disks machined from 


leached 


were 


irradiation. 


1 sodium carbonate (10-30 mg) 


1e alloy samples. 
ree 


the sodium salts 


ror 


-ImMm wall gave o% lower 


16°, lower 


| nl 


with 


Sodium bicarbon- 


tvpes of pack- 


were ln- 


A quartz 
flux 
Use of Vycor 
flux on the 


sodium salt than did aluminum. <A 28 
id j-in. 
long, crimped at each end and cleaned 
Alcoa R-5 Bright Dip (U. 3. pat- 


ent 2,650,157) was adopted. 


aluminum tube 5-mm and 


with 


Samples were irradiated in a stand- 
ard aluminum irradiation can (0.75-in. 
i.d. X 2.875-in. long) for one week at 
the Oak Ridge X-10 reactor. 

Irradiation conditions. Irradiation 
of aluminum alloys leads, in general, to 
Na?** from 
(n,y), aluminum (n,q@), and magnesium 
(n,p). Specific activity of the final 
salt is given by (K KX Na + K’ & Al + 
AK” X Mg)/(Na + Na 
the activation constants, 
the 
weight of the element involved. 

In the first work, the contribution of 
Na’? activity 
actions put a serious limitation on the 
By 


vating samples of super-purity alumi- 


the production of sodium 


carriel where 
and 


the 


AK’s are 
stands 


element symbol {or 


from transmutation re- 


sensitivity and _ precision. acti- 
num and magnesium, positions in the 
reactor that reduce A’ and K” to very 
small values were found. The appar- 
ent sodium content of the super-purity 
determined after 


aluminum as expo- 


sure in several positions was: 


A ppare nt content from 


Al?? (n,a) Na*™4 reaction 
0.014% Na 
0.005% Na 


0. 00019% Na 


Reactor position 
14-A-14 
13-H-7 
14-Z-20 

All carried 

out in 


activations 
14-Z-19 
14-Z-21 in which super-purity alumi- 
0.00014-0.00020 &% 


further were 


positions through 
hum gave trom 
sodium. The lower flux in these posi- 
tions (as compared to the maximum 


flux available in the reactor) was of no 
serious consequence, 


Afte 


sodium formed is chemically separated 


irradiating the the 


Samples, 
and its activity determined. The pro- 
cedures for these steps will be presented 
first 
conditions in 
the 


considering the irradiation 
detail 


flux received by samples in 


alte 
more Specifi- 
cally 
different positions in the container will 
be examined. 

Flux variations. 
were used to detect and evaluate flux 
the 
that might occur from flux inhomog 


Two experiments 


Variations over ean dimensions 


Ce 
neities in the irradiation can’s immedi- 


ate vicinity. 

Liners of tin were placed inside the 
cans the cans irradiated, and the 
specific activity at various points on 


the liner There 
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determined. was a 





maximum variation in flux of 3% from 
one end of the can to the other. In 
further experiments, quantities of so- 
dium carbonate were irradiated in the 
The 
specific activities obtained indicated a 
flux variation of less than 1%. 

The most likely source of error from 
within the can would 
be self-shielding by the aluminum 
alloy samples. In order to determine 
whether or not this was an important 
factor, the array of disks used in an 
analysis was simulated by cylindrical 
coils of aluminum foil (0.001 in.) 2-em 
in height and in radius. The 
coils were irradiated and the flux varia- 
tion within them determined by count- 


top, middle, and bottom of acan. 


attenuation 


l-em 


ing }4-in. circles punched from various 
positions along a radius. The varia- 
tion with radius at half the height of 
the coil was about 5%/cm. 

From the foregoing variations, it can 
be shown that the average flux on a 
disk in the middle of the cylinder 
differs from the average flux on a disk 
at the end of the cylinder by less than 
1%. 

Sodium separation. Aliquots from 
the NasCO; and NaHCO; standards 
are carried through a process identical 
to the for 
radiochemically pure sodium from the 
irradiated aluminum alloys. The alloy 
is dissolved with HCI and H.O, in the 


following one obtaining 


presence of 5-mg of carrier Na (as 
NaCl). The residue after the high- 
silicon alloys are dissolved is collected 
and the Si volatilized as SiFy. The 
remaining residue is then dissolved and 
added to the HCI solution. Precipita- 
tion of the Na as sodium zine uranyl 
acetate follows. The precipitate is 
filtered, then redissolved in hot water. 
As a general clean-up, heavy metals 


This 


step also eliminates the possibility of 


are then precipitated as sulfides. 


Zn contamination by exchange with 
the reagent, or Cu contamination by 
co-precipitation. The 
precipitated, and the resulting salt is 


sodium is re- 
used directly for the counting meas- 
urements. The 30 
show the effectiveness of the purifica- 


figures on page 
tion procedure. 

Activity determination. 
ing measurements 
using an end-window 
Enough counts were taken to obtain 
than 1% statistical To 
eliminate self-absorption errors, all 8 
radiation was filtered out with a 600 
mg/cm? Al filter and only y rays were 
To eliminate backscattering 


The count- 
out 
tube. 


were carried 


Geiger 


error. 


less 


counted. 
errors, the samples were counted in 
identical containers. Counting meas- 
urements were made at rates no higher 
than 10,000 counts per minute, and ex- 
coincidence 


perimentally determined 


corrections were applied. 





Sodium Content of Aluminum Alloys 
Previously 


assiqne d 


( « 


( sodi wm 


0.0014 
O02 0 
008 0 
0006 
OOS 0 
032 0 
O18 0 
023 0 
O16 0 
002 0 
032 0 
OO! 0 
O06 0 
Oll 0 
026 0 
O17 0 
O13 
O06 0 
0025 0 


0 006 ( 


Neutron 
activation 
sodium 
0.0017 
0024 
O1L07 
0. 0007 
0064 
0352 
O199 
0267 
OLS89 
OO15 
0307 
0005 
O06 L 
0125 
0265 
O168 
0.0130 
0063 
0027 
0054 


Standard 
Number of deviation 
determinations (% 





OOOO7 
00016 
00000 
00010 
00083 
00000 
00007 
00016 


Now Nw eh — te tC 


w= 


OOO000 


00000 
QOO07 
00045 
00040 
00025 
00040 
OOO1LO 
OO0000 


OO01L6 
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The activity from the uranium in 
the sodium zine uranyl acetate salt, 
sodium, 


OF 


equivalent to about 0.0003 % 
was determined by means of a blank 
and corrected for. The relative activ- 
ities of the primary standards and the 
unknown samples were read from the 
decay curves at a particular time. 


Results and Conclusions 


Since in positions 14-Z-19 through 
14-Z-21, the super-purity aluminum 
gave from 0.0001 to 0.0002% sodium, 
the blank resulting from the transmu- 
tation reaction can be no larger than 
about 0.0002 %. 
dium content of that sample is be- 
tween the limits 0.0000 and 0.0002% 
but is indeterminate. A correction of 
about 0.0001 % (‘6 the observed blank) 
was made in each set of determinations. 
The uncertainty in the blank results in 
of +0.0001°% 


Conversely, the so- 


a limiting 
sodium. 
Precision and accuracy of method. 
In the table, the results of several anal- 
Many analyses were 
in In the 
range below 0.01% sodium, the average 
0.00009 6%; 


accuracy 


vses are given. 


performed multiplicate. 


standard deviation was 
from 0.01-0.02% sodium, the average 
(0.00020 %; 


Wis 


standard deviation was 
and from. 0.02-0.04% 
0.00042 %. 


served precision that random errors 


sodium it 
It is apparent from the ob- 


that might be associated with variation 
in flux over the can dimensions, or with 
self-shielding by the aluminum alloy 
samples, and statistical errors associ- 
ated with the counting measurements, 
did not exceed 1%. 

It is seen from the table that activa- 
tion analysis gives results in excellent 
the 
signed values for the standards. 


as- 
The 
technique of activation analysis ap- 
to of 
sufficiently precise and accurate results 
to be useful not only for directly cali- 
brating primary analytical standards 
but 
umpire-grade method in cases where 


agreement with previously 


pears be capable producing 


for general application as an 


requirements of sensitivity or limita- 


tions in form or size of sample preclude 
other methods. 
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Plutonium production and uranium depletion 


Producing Plutonium 


in U-D,O Reactors 


Cost of nuclear power from dual-purpose reactors depends on 
the production rate of plutonium as well as on its price. How 
conversion ratios and multiplication factors vary in 


infinite, bare, reflected, and enriched lattices is shown here 


By M. BOGAARDT and M. BUSTRAAN 
Joint Establishment f \ we Enerqy Resear 


FOR HEAVY-WATER REACTORS, this art ZL Le lee ( I Dp) + 0.599 (2 natural-uranium fuel provides a basis 


cle investigates the plutonium produ - 7 for consideration of finite reactors—in- 
7 atk eases Will be considere ere: I, : » 
tion rate and reactivity behavior during a? pi eee eee cluding those using enriched fuel. 
: yvher 1.708; 2, when C 0.937; : ie 

reasonably long running periods. oy a U*55 disappearance. The reactor 

, . , ind 6, when ¢ ake ’ 
kffect ol fuel enrichment Is considered . , flux Is Kept constant. thus t} e decrease 

wane ' miting value of Co is obtamer — 

The conversion ratio, that is I | yc Haeegtle | ; ee . 1umber of U?35 atoms Is 

\ no neutrons are lost dué to leak- 

number of plutonium atoms formed pet A wahae ular : sing 
r to absorption in structural mate- 


ind moderator. As in this case, 
f 1, while « 1.03 is a Plutonium production. The total 


U*55 atom used, is r ‘ ‘ ad 


nable value, and 7 1.32. it fol- number of Pu atoms formed per second 
from the condition that 4 if l per initial U*55 atom, i.e., those formed 
0.735. The limiting value of yy resonance capture plus those formed 

Its initial value is characteristic for a the value of Co in infinite natu- — by thermal capture, 1s 
given reactor. Using the proper con- iranium lattices, is 1.17. 5 
stants, i.e., the values of the « I : sibs igs es 
averaged over the region. otf thermal- Infinite System fas a , - 
neutron energies, the init ratio in (An understanding of the conversion The number of Pu atoms present per 


natural-uranium systems is bel r of an infinite reactor that uses | U?55 atom is governed by 
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Samarium-149 concentration Change in k,, 


F — oa23 dz/dt (5) stituting the infinite multiplication fac- atoms remains constant during long 
Bot] lin Fie. 1 f tor, k,, = nepf, only f and » are con- — periods can be checked easily by caleu- 
Joth rand z are tted in Fig. 1 for : oa — . . a dis 

- ee . sidered sensitive to changes in fuel lating the number of U*** atoms used 


the three cases considered; z and r are oe . ‘ 
composition; € and p will remain prac- during reactor operation. As a fune- 


act Ihy j > S F ° > as vee 
: ‘i . peepee " -. ; ; tically constant as long as the number — tion of time, the total number of U*58 
+ Samarit ° ete : . 
ee ee ae , yMAriuT of U2 atoms is constant. atoms that disappear follows from Eq. 
concentration, shown in Fig. 2 as a ait ier é = 
The variation of 7 can be calculated — 5, and is 
directly from Fig. 2 together with perti- 
nent cross sections. Calculation ofthe  7Ts3. = | ° F dt z(t) + Garsvb | 2 de 
variation in f is straightforward but 7 
rather cumbersome. The well-known 


The fact that the curve flattens after a formulas for f can be applied, and the — This function is plotted in Fig. 4. The 


function of time, follows from 


ds /t Proyo3s@ + Vzoy2390 — Garisvsh 


(6) 


short and very sharp rise is due to the — variation in fuel composition can be number of U258 atoms that disappear 


large destruction rate of Sm", taken into account (3, 4). The size of — by fast fission is small (~4%) com- 
Variation in k,. In discussing con- the unit cell is derived from the value’ pared to the atoms disappearing by 
verter and breeder properties, it is of p chosen for a particular Co. The — resonance and thermal-neutron capture. 
interesting to note the system’s reactiv- functions #,,/k,9 are plotted against Conclusions. The conversion ratio 
change due to loss of U?35 atoms, — time in Fig. 3. C varies withtime. The “asymptotic” 

Pu atoms, and production of U*55 used. The accuracy of the as- | number of Pu atoms (i.e., if conversion 


poison. Of the factors con- sumption that the number of U** could go on indefinitely without the 





Assumptions 


A rigorous tnve stigation of conversion would be very complicated, thus the 


w 
N 


OWING s implifying assumptions (1) are made: 1, Pu?*® is formed directly from 


vt iF L rst, and p are constant with time; 3,n umber of (255 atoms is constant: 
4, Sm}49 7s the onl / Sé rious poison produced (Oa149 = 46 OOO), and ¢ apture of one 


neutron transforms it into Sm!*®, which has a negligible cross section; 45, 


Nm 
b 


poisoning by Xe'*> is a nonvariable effect because the average flux throughout 
the reactor ts constant with time (2), and thus loss in system reactivity due to Xe 


poisoning is accounted for by using a proper kezz value at t = 0; 6, change in 


ro) 


reactivity d ring conversion ts made up for by cadmium-plate control so that the 
reactor is kept running at equilibrium (this means actually that ly, is adjusted 
so that hess remains equal to 1); 7, average flux is constant at 10°4 n, em? 


sec; 8, plutonium is formed uniformly over the circular cross section per- 


oO 
@ 


Number of U23® Atoms Consumed, Ta3g 


pendicular to the fuel rod’s axis; 9, unit cell is cylindrical in shape, and consists 


» 


of a single bare uranium-metal rod of radius a 1.27 cm in heary water, and 


omission of rod canning does not affect the change in f during the process; 10, 





hen C 0.768, 0.937, or 1.11, the radius of the unit cell is 7.90, 5 or 4.49 oni . 
. ° — id , 1 24 
m, respectively; 11, for the finite reactors, spherical geometry has been chosen; yp Fens 











2, in cases where graphite reflectors are applied, they are considered to be 
4 fe] Sa]. » - 
infinitely thick. . 4. Total U*** consumption 
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Plutonium concentration and urani- 


0.937 


FIG. 5. 


um depletion, Cy 


amount of U2 atoms decreasing) can 
0.412 
— Co), which actually indicates roughly 
the 


slightly more than the asymptotic value 


be expressed by Zasymp 1.685 


maximum obtainable z, which is 
shown in Fig. 1. 

The limiting value of Cy is about 1.17 
As shown in Fig. 3, a reactor having 
Ce < 1.1 
converter 


ean have sufficiently good 


properties to 


have a large 
h 


part of the U2 burnt up before the 
system’s reactivity drops too far. 

It must be emphasized that all prod- 
ucts of neutron nonfission capture have 
For 
the figures it is seen that in the case 
where (Co 1.11 at ¢ 1 X 10’ sec, 
about 0.75 Pu atoms are present pet 
initial U295 
ber of Pu atoms that were once formed 


3.195. 


been neglected. instance, from 


atom, while the total num- 


but have since disappeared is 


This means. that 2.4 (of2:9/¢ 


fission; 
Pus? 


underwent 
O.85 


1.55 Pu*®® atoms 
2.4(04239 
atoms transformed into Pu®*® have been 


— 07239) /Ca239 ~ 


completely neglected as far as their con- 
tribution to poison or total fission cross 
The same applies to the 
0.14 U2 


section goes. 
0.93(G0235 — O7235)/Ca25 = 


atoms formed. 


Finite Systems 


Plutonium production, poison forma- 
tion, uranium consumption and change 
in k, have been shown to be uniform 
throughout the volume of an infinite 
But the flux distribution is 
curved in a finite reactor, and these 


system 


quantities are functions of space as 


well as time. The systems considered 
here are a bare spherical pile and a 
spherical pile with an infinite graphite 
reflector. Both svstems have keys; 
1.06 and C 0.937. 

It is assumed that the neutron dis- 
tribution is constant with time. In- 
stead of the quantity z, now the total 
amount of Pu unit of 


natural uranium will be given and com- 


present per 


pared with the corresponding quantity 
in the case of an infinite reactor. 
Applving the usual expression for the 
flux in spherical reactors and choosing 
dave 104, the plutonium concentra- 
tion, 2[@(R)t}, at any time and place in 
the reactor can be derived from lig. l. 
The total amount of Pu present in 
the reactor at the time ¢, divided by the 
amount of natural uranium initially 


present Is 


Gr» VG 


The flux distribution is assumed to re- 
main constant with time; dk., can be 
found from the change in the local k,, 
and in V,o., together with the unper- 
turbed flux distribution in the reactor, 
o(R), 
Some simplifications can be 
The coefficient, D, 
tively insensitive to fuel-composition 


by Eq. 13.15.3 in ref. (4). 
made. 
diffusion is rela- 


changes such as result from uranium 
fission and plutonium formation. In 
one-group diffusion theory, v is con- 
stant, and key = kyla. 


- The expres- 
sion for the change in reactivity is 


i fy bk? dV fy od? dV 
- 1)/(1 — f)| fvdfo? dt 


fyo? dl ) 


The first part gives the change in re- 
activity of the finite systems due to the 
change in k,, the second part accounts 
for the effect of the change in the diffu- 
sion length in the reactor, and thus for 
the leakage change. 

Bare pile. 


geometry, a bare spherical reactor of 


For the given unit-cell 


200 cm would have kz 6 = 
= 10'4/em?/sec. By 


as Fig. 1, 


radius R 
1.058, and @avg 
use of the curve 2(@b), 
the amount of plutonium present rela- 


yiven 


tive to the initial amount of natural 
uranium has been calculated by Eq. 
and is shown in Fig. 5. 

The effect 


consumption, and Sm1'4° formation on 


of Pu production, U?3® 
ke¢y has been calculated using Eq. 9 and 
0.937 in Fig. 3. The 


is shown in Fig. 6 for 


the curve C 
function ky ry, f 
the finite reactor and for the correspond- 
ing infinite reactor, 

Reflected spherical pile. 


spherical pile is surrounded by 





Symbols 

conversion ratio = Pu atoms 
formed per U2*® atom used up 
Pu atoms formed per sec per 
initial U2*> atom 
thermal utilization = slow neu- 
trons absorbed per 
total slow neutrons absorbed 

= total amount of isotope present 
multiplication factor 
neutrons in one generation per 
slow neutron in preceding 


in fuel 


slow 


generation 

nonleakage factor 

atoms cm* 

resonance escape probability 
fraction of fast neutrons that 

escape capture while slowing 


reactor radius 
\ V o35 0 
V 149/N 285 « 
total atoms that disappear 
time of operation, sec 
J reactor volume 
Z \ 239 \ 2350 
139 Vox80/No 
a enrichment factor 
V o38 1 
relative Sm'*® yield in U**® and 
1.39 
fast fission factor = ratio of 
neutrons produced by all- 
energy neutron fissions to those 


139(.\ 


Pu? fissions 


from slow-neutron fissions 
neutrons emitted per slow-neu- 
tron capture in fuel 


neutrons produced per slow- 
neutron fission 
cross section, barns, 10°*! cm 
slow-neutron flux, no. cm* sec 
Pertains 
to 
initial value 
Sm'*9 
U: 
25s 
Py??? 
infinite lattice 
finite lattice 
fast neutrons 
thermal 
critical value 
fission 
absorption 
average 
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as function of fuel enrichment 


nite graphite reflector; thus its core is 
to 162.2 em to keep the value 
unchanged. 


and G (rs 5 


The quantities Zuvg 
have been calculated as 
described in the preceding paragraphs, 
and the results are plotted in Fig. 5. 
The quantity k.s/keyzo is plotted in 
Fig. 6 
Conclusion. By proper replacement 
of the outer region of a bare reactor by 
reflector 
buckling can be obtained. 


a reactor svstem of the same 
If the cen- 
tral flux is kept unchanged, the core’s 
in the reflected 
Thus, if 
the average flux is kept constant, it is 


average flux is higher 
system than in the bare one. 


obvious that the central flux is highe 
in the bare reactor than in the reflected 
one, 

As the 
proportional to the square of the local 
flux, the 


influence of a perturbation is 
bare reactor is bound to be 
more sensitive to changes in ky. 
Figure 6 shows that the curves repre- 
The initial 
Apart 
the effect of 64, on dk.,z,;, in finite 


senting ky -;k. 7 9 intersect. 
rise is faster in the bare reactor. 
Irom 
reactors there is, especially at the begin- 
ning, a definite effect due to the decrease 
in neutron leakage. When Co» = 0.937, 
at t = 107 see, and 6f 
is positive up tot = 4 X 107 sec. 

thermal-neutron 


is 2 Inaximunm 
remal 
Sines leakage de- 
creases as thermal utilization increases, 
the extra gain in k,yzz in the finite re- 
as compared with an infinite 
is due to the decrease of ther- 


reactor 


mal-neutron leakage. However, at 
longer running periods the effect due to 
the change in k,, becomes predominant. 


As the flux at a given distance from 
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Limiting value of initial conversion ratio 





ratio for various enrichments 


the center is higher in the bare reactor 
than in the reflected reactor, the func- 
tion kKeyz/kezy 9 Willdrop, in the long run, 
faster in the former case than in the 
latter. In 
will tend to drop below hk,» after a cer- 
Thus it 
advantageous to arrange the fuel rods 


practical cases, hk, always 


tain running period. seems 
nonuniformly so as to render the flux 
distribution as flat as possible. 


Enriched Systems 

Equation 1’s definition of the initial 
that Co is a 
function of the isotopic ratio between 
U2* and U2, 
and 7 are also functions of this isotopic 
Thus the value of Co under the 


conversion ratio shows 


The quantities Lys, p, 


ratio. 
condition kes o 1 is a rather compli- 
cated function of the fuel composition. 

This section investigates the limiting 
value of Co (in infinite systems) as a 
function of moderate enrichment as 
well as of the effect of such enrichment 
on the critical size of a bare spherical 
For 


convenience, the enrichment factor, a, 


reactor at a fixed value of (5. 
a given 
139. 
Values of a in the range from —35% to 


has been defined so that for 
value of a, No3s/No3s (1 + @) 
+50% have been chosen for this study, 

Initial conversion ratio. The limit- 
ing value of Cy can be computed easily 
the cell for 
= | has been found. Figure 


when the radius of unit 
which k 
7 shows Co maz as a function of enrich- 
ment. In the the 


values the variation of the limiting 


2 


region of chosen 

value of Co is small. 
Critical radius. 

on the critical size of 


Lnrichment’s effect 
a reactor for a 


FIG. 8. Critical radius of bare reactor as function of initial conversion 


the initial 


ratio can be shown easily. 


fixed value of conversion 
The critical 
radius, R,, as well as Co, can be com- 
puted for any value of the radius of the 
unit cell. A combination of these data 
vields a relation between R, and Co. 
This is shown in Fig. 8. 
Discussion. The variation of 


isotopic ratio Vo38/ Noss 


the 
in the range 
from 93 to 214 does not strongly affect 
the limiting value of C» of a reactor. 
Although 
ratio Causes an increase 


an increase of the isotopic 
of the second 
part of the right-hand side of Eq. 2, the 
criticality condition for an infinite sys- 


k, = 1 


- lower 


tem sets an increased 
limit for p, which causes a decrease in 
the first part of the right-hand side of 
Eq. 2. 


ance each other completely in the region 


These two effects nearly bal- 


of enrichment considered. 

However, enrichment does affect the 
critical size of a reactor of given Co» con- 
siderably. An increased lower limit of 
p means that the unit cell radius must 
The value of the thermal 
l- f) will 
rise, and the leakage out of the reactor 
These ef- 


increasing 


be increased. 


utilization will drop, thus 


will increase considerably. 
fects offset by 


reactor size. 


must be 
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Univibrator having Type II-Class B resolution characteristics 


Resolution Losses in Counters 
and Trigger Circuits 


A theory of counting losses due to finite resolving time is verified. 


Trigger 


circuits can compensate nonideal resolution characteristics of G-M counters 


By PAUL E. DAMON* and 
PAUL N. WINTERS? 
University of Arkansas 


Fayetteville, Arkansas 


COUNTING Losses due to the finite 


resolving time of nuclear detection 


equipment can be quite significant 
These losses can be calculated 
in certain ideal cases, if 


characteristics of the detecto 


associated electronic equipn 
known. 

Blackman and Michiels 
viewed the theory of resolutior 
They point out that, until 1948 
the expression derived by | 
Brammer (2) for Type I « 
be re-excited during reco, 
been satisfactorily contirme 
mentally (3). 

In 1950 Collinge 


tion losses in Type II circuits 


studied 1 


during recover \ 


be re-excited 
* PRESENT ApprReEss: Colur 
versity, Lamont Geological Obs« 
Palisades, New York. 
+ Present ApprRess: 
Co., Flint, Michigan. 
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Genera M 


rie the precalibrated quench time 
of a quench multivibrator at various 
input counting rates. Agreement with 
theory was within 1% up to 40% 
counting loss but increased rapidly for 
This, 
pected, was due to a factor not ac- 

vuunted for by 


greater losses. Collinge sus- 
the theory: the decrease 
in the resolving time of the quench 
vibrator as the on/off ratio of the 
uit increased This phenomenon, 


racteristic of many electronic cir- 


he observed in Geiger 


irticle extends examination of 
input resolution losses for a 


[1-Class 


\ circuit, especially in 


urge losses, \ study 
random-input 


Geiger tubes in 


ype IT cireuit 


Counting-Loss Theory 


ler a detector through whicl 
issing at a rate .\ 
or occurrence Of any 
a time Aft is causally 
lent of the occurrence 


parti le 


on the product of No and Aft, the par- 
randomly dis- 


time. The 


ticles are said to be 
tributed in 
P.(k of 
pendent particles in time f¢, 


probability 


observing Kk causally inde- 
when the 
total rate of occurrence is No, is given 
by Poisson’s equation 


‘ 


Ph 


mental confirmation of this 


nship will be given later in this 


‘ pe II -¢ ‘lass 


cuit is insensitive for a time T following 


3 detector or ¢ir- 
the counting of each pulse, Therefore, 
an average of NoT' pulses are rejected 
for every p » counted, and the 


{} 
Cli 


ire two Type Il-Class B 
conside 
The output of 
detector of deadtime T will 
as V, and the output of the 
| detector of deadtime 7 


series, Wwe must 


rate cases. 


will be 
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he Recovery time 


FIG, 3. 
characteristics 
trigger circuits 





Illustrating the similar resolution 
of Geiger counters and 


Case 1, 7:8 T's. 


second circuit is never called upon to 


In this case the 


count pulses that it cannot resolve. 
The total deadtime of the series com- 
bination iso = 7 so that this reduces 


gle circuit case and 


Thus 
one wl Ose 


} 


each ol 


a series of circuits following 
deadtime exceeds that of 
the rest can be considered 
mathematically as a single circuit. 
Case 2, 7, < T, 5 27:1. In this 
case the total average deadtime of the 
than T> be- 


be reactivated 


combination is greater 


cause circuit 1 may 


while circuit 2 is dead and remain in- 
sensitive to another event for a time 
after circuit 2 is capable of reactiva- 
Thus on the average there will 
be an extension, f(7';), of the deadtime 
that must be added to T. to give the 


deadtime of 


tion. 


iverage the series 


T,) 1) 


cuit 1 to be reactivated during 

nterval dt at time ¢ after recov- 

it must not have been activated 
from t = 0 to ¢t and then be activated 
during dt. From Eq. 1 the probability 


of no activation in time t is 
(5) 


obability of excitation during dt 
The product of the 
probabilities is P,, the prob- 
of reactivation during, but not 
_ttot + dt: thus 


two 


P, = Nee *“dt (6) 


such reactivation 


Any 
T,) will 
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(T: 


an extension of 


during 
result in 


the deadtime. The total probability, 
Px, of this occurring can be expressed 
as the complement of the probability 
of no reactivation during (7; — 7) 


Pr =1 


The average time at which an ex- 


tension is caused is 


Because we are measuring time from 
the recovery of circuit 1, if reactivation 
takes place at time ¢ the extension of 
deadtime will be 


Te = 27,+t-T, (10) 


The average extension, 7'g, will then 


be, from Eqs. 9 and 10 





Glossary 


Deadtime 


pulse 


Time 


occurre d 


interval afte r 
which 


counter is insensitive to further ton- 


has 


during 
izing events. (2, 7) 

Resolving time 
interval by which two pulses must be 


Minimum time 
separated to be detected as separate 
pulse s by counter and its accessories. 

Recovery time— 7'ime interval that 
must elapse after pulse has occurred 


before full-size pulse can again occur. 


Types of Circuits 
Type | 


recovery (e.g., Cenco-type register). 
Type Il 

ing recovery. 
Class A 

on counting rate. 
Class B 


pendent of counting rate. 


Can be re-excited during 
Cannot be re-excited dur- 
Resolving time de pends 
Resolving time is inde- 


A Geiger counter has a deadtime 
during which it is essentially insensi- 
tive, followe d by a recovery time dur- 
ing which it can be re-excited, see 
Fig. 3. The 
pendent upon the counting rate (6). 
Thus, a Geiger counter is a Type I + 
II-Class A circuit. 


resolving time is de- 





] 11) 


The increase in 
f(T,), is then the product Pe X Tz, 


that is 


average deadtime, 


An approximate equation is ob- 
tained by expanding the exponential 
and dropping all cubic or higher-order 


terms 


13 

Case 3, T; > 27). 
for this case is the same, but the limits 
different. 
occurring anywhere within a time 7, 


The procedure 


of integration are Events 
preceding ¢ now affect the probability 


of extension.* One obtains 


14) 
Dropping higher-order terms as before 


(15) 


f(T1:) = 'oNoT? 
The total deadtime is approximately 


(16) 


o = T, + MNT: 


Driscoll (9) has given the same ap- 
proximate equation without publishing 
the derivation. It can readily be seen 
that this relationship gives the maxi- 
mum deadtime for a series combination 
and thus is very useful. 

Using a different statistical treat- 
Blackman and Michiels (1) 
derived an expression for the counting 


ment, 


efficiency, FE, of a series combination 
of deadtimes 


E 


Their equation predicts greater resolu- 
tion losses than ours, as can be seen 
from Fig. 1. 


Instrumentation 


The simple cathode-coupled-pair 
trigger circuit shown in Fig. 2 has a 


* This is adequate for the purpose, but 
not strictly correct. Events occurring at 
any time fromt = 0 to?t must be considered 


for a rigorous derivation. 
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domness. 


Experimental verification of ran- 
Predicted values, €, from Eq. | 


time that is independent of 
input pulse rate under certain oper- 


When triggered by 


recovery 


ating conditions, 


0.4-ysec-duration pulses with ampli- 


volts, no 


tude varying from 0.3 to 10 


variation in recovery time was ob- 


served up to 2 X 10° input pulses per 
The 


before differentiating is shown in Fig. 


second. pulse at Q (Fig 


3. The resolving time is dependent 
upon input pulse height, but the cir- 
cult cannot be retriggered during the 
deadtime. For input pulses of con- 
stant height, it may be treated 
mathematically as a Type II-Class B 
Figure 3 shows that the 
this 
analogous to that of a Geiger 

If the grid of the “on” triode 


returned to cathode instead of B 
hly 


circuit. 


behavior of trigver circuit is 


tube 


de- 
This is 


also true for inadequate d-c-restoration 


recovery time becomes | ig 


pendent on input pulse rate 


of the input grid. Under these condi- 
the decrease in recovery time 


tions, 
with increased input pulse rate is very 
the 


similar to familiar phenomenon 
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FIG. 6. Distribution of spurious counts from 
high-gas-gain proportional counter irra- 
diated by y rays shows (Ts < 20 usec) 
effect of counts from photoelectrons from 
cathode and (T. < 500 usec) those due to 
ions, followed by region obeying Eq. 3 


tubes. If the 
pulse height to this circuit is 


observed in Geiger 
input 


now made variable, the analogy to 


1 


the Geiger tube is almost perfect. 
The circuit can then be described as 
Tvpe I + II-Class A. 
Instrumentation used for these 
counting experiments is diagrammed in 
Fig. 4. The detector could be 
ated the 
The 
integral discriminator were of the type 
and Bell (10). 
the 
than 5 
the 


monitored by 


oper- 


either in proportional or 


Geiger region. amplifier and 


described by Jordan 


The resolution time of integral 


discriminator less 


Output 


was psec. 


and input of variable 


deadtime circuit were 
scalers or by cathode-ray oscilloscope 
1 A calibrated pulse gen- 
check 


performance and to calibrate the dead- 


and camera, 


erator was used to system 


time circuit. The cathode-ray -oscillo- 


sweep was also calibrated. 


scope 

To determine the resolving time of 
the deadtime circuit, the frequency of 
the pulses from the pulse generator was 
until the circuit 


ncreased began to 





ANOTHER APPROACH: 


Empirical Correction 
for Resolution Loss 


This article seeks an understanding 
of resolution losses based on an in- 
ve stigation of the parameters dire ctly 
responsible for those losses. Empiri- 


cal approaches are also possible. 
there is the method of 


patre d sources: two radioactive SOUTCES 


For example s 
are counted sé parately and then to- 
gether, counting geometry being kept 
constant. The counting 


rate will be less than the sum of the 


combine d 


individ zal rates, due to re solution 
losses that can be measured and there- 
fore compensated. Kohman (8) has 
extended this method 


sets of pairs to evaluate parameters 


using several 
in a power-se ru 8 approx mation for 
the true counting rate. 

One of the authors of this paper has 
determined resolution losses by use of 
radioactivity of known 
If losses 


semilog plot will be nonlinear, and 


short-lived 
half-life. are significant the 
resolution corrections at various count- 


ing rates th us can be de te rmined. 





“eount down,” as observed by the 
counting rate of the output scaler o1 
the oscilloscope. For Geiger counting, 
integral-discriminator resolution time 
could be neglected, but it limits reso- 


lution for proportional counting. 


Experiments and Results 

We first investigated the fundamen- 
tal randomness assumption. Resolu- 
tion loss was then measured as a funce- 
tion of the 
Type II-Class B univibrator and for a 


circuit resolving time for 
Geiger counter. 

In the absence of nuclear complex- 
11, 12, 13) prove the 
random nature of radioactive decay. 
the output ol 


ity, experiments 
However a particular 
detector 
of its 
presence of spurious counts. 


may be nonrandom because 


finite resolution time and the 


Spurious 
delayed arrival of 


events caused by 


negative ions at the anode, and by 
positive ions at the cathode, have been 
observed in Geiger counters (14, 18). 
spurious 


In proportional counters, 


events may also result from delayed 
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arrival of photoelectrons produced at 
the cathode (16); Fig. 6 shows typical 
Recently, spu- 
rious pulses have been observed from 
scintillation counters (17-19). 
Random, 
less proportional counter was amplified 


experimental results. 


The output of a window- 


and allowed to deflect a cathode-ray- 
The time base was 
a Dumont type 314-A 
Film 
speed was 10 in./sec, resolving pulses 


oscilloscope spot. 
provided by 
Ost illograph-record camera. 
500 psec apart. 

The 


lyzed by dividing the face of a 


oscillograph record was ana- 
micro- 
film reader into equal intervals repre- 
senting equal times and counting the 
number of intervals containing k 
This is 
then compared with the value com- 
Eq. 1. Each pair of 
experimental (f) computed (e) 
values then provides a point for Fig. 5 
that 
pl otographs. 


events for each value of k. 


puted from 


and 


composite of all 
10,000 
Ph2!e 


analyzed by 


represents a 
some counts, 


om U™ 5” ana particle- 


emitting sources were 
this method, and Eq. 1 was confirmed. 

Resolution-loss experiments. Us- 
ing the experimental arrangement of 
‘ig. 4, with a commercial end-window 
detector, output of the dead- 


univibrator could be determined 
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Resolution loss when T2 is comparable with T, 


and Eq. 2 verified. Univibrator reso- 


lution times, 7's, 
with Geiger-counter deadtime, 7). 

If No is calculated from one point 
or from the average of several points 


were large compared 


by using Eq. 2, the theoretical curve 
then passes through all other experi- 
mental points, as can be seen from 
Fig. 7. This is true, within the 
experimental error (<1% for N, 
<3% for T:) for losses up to 99%. 
This upholds Collinge’s assertion (4) 
that the error for large counting losses 
in his experiment was probably caused 
by the Class A characteristics of his 
quench multivibrator at high counting 
rates. Care was taken in the present 
the deadtime uni- 
vibrator Class B at all counting rates. 

Resolution losses were also measured 
as a function of 7’. when T. assumed 
values comparable to 7; the data are 
plotted in Fig. 8. When T, 
than 7’; the combined resolution loss 
For 7, 
than pre- 
in fact o does not 
This re- 
the 
be- 


case to operate 


was less 
constant, as predicted. 
> 7T, the 
dicted by Eq. 4; 
differ appreciably from 7, 
sult but is in 
right direction the 
havior of Geiger tubes is Type I+II- 
Class A rather than Type II-Class B 


as assumed in our theory. 


was 


losses are less 


was unexpected 


considering 


It has been clearly demonstrated 
by Baldinger and Huber (6) that when 
before the 


counter has recovered completely from 


a second pulse occurs 
a previous event, the deadtime of the 
second event will be shorter than aver- 
age. Thus if the latter event results 
in an extension, f(7';) will be less than 
predicted by assuming idealized reso- 
lution characteristics for the Geiger 
counter. It should also be pointed out 
that the probability of spurious events 
and 
net 


is greatest where f(7')) is largest, 
that spurious events reduce the 
counting loss, 

Various investigators (4, 20-23) 
have used quenching circuits to im- 
the 
counters by suppressing spurious events 
deadtime. We 
estimation of 


prove characteristics of Geiger 


reducing have 
that 
counting losses can be obtained when 
the deadtime of the quench circuit is 
not only known but is the determining 


and 


shown accurate 


resolution time. 
7 * . 
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RADIATION STERILIZATION X 


Electron Linear Accelerators 
for Radiation Processing 


Electron beams from most high-output accelerators lack penetration 
for many products. The traveling-wave linear accelerator overcomes 


this limitation with adequate external beam power for process use 


By DAVIS R. DEWEY, Il, JOHN C. 
NYGARD, and MAURICE G. RELLIER 
High Voltage Engineering Corpo 


hy dye, Vassachusetts Magnetron 
pulser Magnetron 





Can 





Waveguide ioad 





THE MOsT serious inherent | 
‘direct’ linear eleetron ac 











the Van de Graaff, resonance 











former, capacitron and cascade 
is their electron beams’ relatiy 





short penetration even at the higl 





usual operating energies, commonly 


1-3 X 10° volts. Injecto 
a yector > t Foil 
While there are many promising acta a toc window 


process applications for 1—3-Mey 








trons, canned goods and mam 

products require considerably greater BLOCK DIAGRAM of essential components of a traveling-wave electron accelerator. 
penetration. Some foods and Electron injection is synchronized with the r-f power pulses 

maceuticals that can be i 

direct accelerators could be reated rer ecelerator operating voltages relatively small diameter orbital path. 
more conveniently after packaging higher than 8-4 Mev cause insulation But the electron-beam power output 


When the over-all dimensions I requirements to increase the unit's that can be withdrawn for external use 


considerably greater. Many product over-all size so that it becomes un- is too small for practical processing 
need electron beams above 5 Mey. fre- ieldy or uneconomic for many uses. The r-f linear accelerator imparts 
quently up to 10-15 Mev, with cross- ral Types ol indirect accelerators energy to. electrons by setting up 
firing ter hniques, have been de veloped for operation at highly localized alternating o1 travel- 
The electron-beam energ: mita- very much higher energies—even up ing fields along an evacuated straight- 
tions of direct accelerators are of prac- veral hundred Mey without the di line accelerating path and subjecting 
tical rather than fundamental nature mensional requirements imposed by — suitably timed bunches of electrons to 
Because the electrons must acquui } Lit method These include the the accelerating action of these fields. 
their energy by acceleration from a orbital celerators, such as the beta- The accelerating fields used are those 
high-potential region to ground, tl ron and electron synchrotron, and the associated with powerful short-dura- 
beam energy (in ev) ean be no higher r-f linear accelerators. tion pulses of radio-frequeney waves. 
than the highest above-ground oltag bital accelerators achieve high With modern radar powel tubes, the 
that can be insulated practi lly. energ by ibjecting electrons to electron linear accelerator can achieve 


ars repeated short-duratio acceleration high bean nerg ver a rel: ely 
© Formerly with Mullar d Re | Bc: turation acceleration high beam energy over a relativell 
ratories, Redhill, Surrey, Eng 
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rons travel around a shor otal path length, of the order of 





one-fourth the length that would have 
to be accelera- 
3-10-Mev 

Furthermore, recent develop- 
have 


tron-beam power outputs sufficiently 


insulated for direct 


tion in, for example, the 
range. 
ments made possible total elec- 
high for practical processing. 


Design Requirements 

In design of electron linear accelera- 
tors for processing use, general require- 
ments are imposed by the geometry, 


processing rate, and radiation-dose 


| 
needs of the 


material or product. 


Other requirements are economic. 
These are generally based on radiation 
costs as related to the value added by 
radiation, as well as possible competi- 
tive methods for adding equal value. 

Energy range. The 


the electron energy range will be deter- 


lower end. of 


mined by the competitive economics of 
and 
The 


be im- 


radiation from direct accelerators, 
thus around 3-4 Mev. 
upper will 
posed by the probability of induced 
For- 
such 


will be 
energy limitations 
radioactivities in some products. 
the 
reactions yielding radioactivities of 
appreciable half-life and intensity are 


tunately, probabilities of 


very low in the commercially interest- 
ing penetration ranges—up to 10-15 
Mev. While 


nuclear side 


existing information on 
effects is encouraging, 


further studies will be needed before 


upper electron energy limitations can 
be established soundly for particular 
products. 

Within this 10-Mev 


ange, the energy selected will be deter- 


rather wide 3 


mined by penetration requirements, 


taking into account the choices avail- 


able in irradiation technique, such as 


. fori 
cross-tirings 


Requirements for energy 


stability and homogeneity are not too 


demanding, and +5-10% 


probably 
will be ade quate. 
output. The elec- 


tron beam power output 


Power average 

the product 
kw) of the energy (Mev) and average 
still 


and 


beam current (milliamperes)—is 


lower than many process needs 


lower than power outputs achieved by 


direct machines. Restrictions stem 


from limitations in available r-f power 
considerations. 


sources and economic 


Presently, power outputs of a few kilo- 
watts are considered practical, and sub- 


stantially higher-powered apparatus 


are teasible, 


Within 


purel 


limits. the power output is 
the r-f 


available and is reasonably independ- 
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function of power 


How Electrons 
Can Be Accelerated 


- 


A DIRECT-TYPE accelerator uses a uniform 
field and uniform distribution to accelerate 
electrons along a tube. 


INSTEAD OF uniform distribution of elec- 
trons along the tube, they could be injected 
and accelerated in bunches, but the inter- 
vening field serves no purpose. 


vo™NS, se. ™~, 


SMALL LOCALIZED traveling fields of the 
same slope V,L could replace the steady 
field to produce the same accelerating 
effect. 


yv ~ XX XX 
HIGHER FIELD strengths become practical 


because there are no very high total volt- 
ages to insulate. 


A SINUSOIDAL traveling-wave accelerates 
bunched electrons along a waveguide 


ent of electron energy. The conver- 
sion efficiency from input line power 
effi- 
ciencies of 40° have been achieved in 


to r-f power might be 20-30%; 


converting r-f to electron beam power, 
and suitable design ean increase this 
to 60-70%. Thus over-all efficiency 
might be 10-15%. 

For efficient utilization of the elee- 
tron-beam power, linear accelerators 
can draw on techniques worked out on 
direct 
beam scanning and cross-firing with or 
without filtration. The optimum tech- 
nique is determined by the geometry of 
the product to be treated. 

Reliability. Industrial 


must be highly reliable. 


accelerators (1, 2), including 


accelerators 
This means 
predictability sufficient that preventive 
maintenance can minimize down-time. 


Accelerators must be designed so that 


maintenance personnel ean service 


them straightforwardly, with minimum 
special skill aad apparatus. Operation 
should approach the simplicity of an 
“on-off”? switch, and long periods of 
unattended operation are desirable 
Economics. With 
nomic requirements, it is obvious that 
the cost per kilowatt of radiation ab- 


sorbed in the process should be as low 


respect to eco- 


as possible. This means not only that 
development work should be directed 
but 


strongly toward simplicity and depend- 


to reduction of initial cost, also 
ability of operation, and to achieve- 
ment of high radiation utilization effi- 
ciencies through uniform product dose. 

For the immediate future, capital 
costs of 5-15-Mev linear accelerators 
might be somewhat higher than those 
of 2-3-Mevy direct accelerators of com- 
parable power. Amortization of capi- 
tal cost will be the most important eco- 
nomic factor in radiation processing. 

Of considerably less importance than 
amortization, but still of significance, 
are hourly costs to be allocated for 
periodic replacement of the r-f power 
tubes. These might cost $2,000-8,000. 
Their useful operating life in a high- 
powered processing accelerator is not 
known yet. Salvage or reworking cost 
also should be considered in selecting an 
r-f tube type. 

As with direct 
cost of input electric power is virtually 


accelerators, hourly 
negligible in compal ison with amortiza- 
tion. Improved efficiency is of con- 
siderable importance in increasing unit 
power output, and thereby reducing 
The importance of new 
future 


capital cost. 
high-frequency r-f sources to 
development cannot be overestimated, 
whether they are developed especially 
or become available from other fields, 
such as radar and communications, 
The electron linear accelerator is a 
promising and valuable addition to the 
list of radiation-processing tools. Its 
further development will parallel the 
continuing development of powerful 
Together 


programs should assure a wide range of 


direct accelerators. these 


radiation sources for future exploita- 
tion of the many valuable and unique 
being realized on a re- 


results now 


search or pilot-plant scale. 
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Progress in Radiobiology 


By HARVEY M. PATT 
Division of Biological and 
Medical Research 
Aryonne National Laboratory 


/ 
La moon, Illinois 


FocaL POINTS OF RESEARCH in radio- 
biology remain essentially unchanged; 
considerable interest continues to be 
placed on mechanisms of energy trans- 
fer, the nature of early biochemical 
effects, 
biological protection. 
cated at the Liége Conference (August 


30-September 1, 1954), the second in a 


and modes of chemical and 


This was indi- 


series of annual meetings devoted to 
radiobiology (1953 meeting, NU, Dee. 
53. p. 18). 

Although emphasis will be placed in 
this report on new data and interpreta- 
tions, it is not always easy to disentangle 
the old 
advances in an active field. 


from the new in evaluating 
Complete 
coverage of the more than 50 papers 


presented is not intended. 


Physico-Chemical Interactions 
Indirect evidence for intra and inter- 
molecular transfer of energy under con- 
“direct action” 
P. Alexander 


Te hne logy, 


ditions ot was pre- 


sented = by Imperial 
College of 


London), who observed that the deg { 


Science and 
dation of solid polymethyl methacry] 


(Perspex) by y-irradiation could be 
decreased by adding small quantities of 
various substances to the polymer: 
Benzene-ring substances were particu- 
larly effective. 


conditions is a result apparently of a 


Protection under these 


poly mer-to-additive energy transfer, 
While this 


mav miter 


special ¢ 


mav be a 
one from it that chemi 
protectability is not necessarily a con- 
sequence of indirect action throug! 
aqueous medium. 

Application of the spatial re 
ships of radiation events to stud) 
biological structure was discuss 


E. Pollard (Yale 


Conn). Ejection of 


University 
Haven, 
tron during the ionization pi 
believed to be followed by 


42 


intramolecular transfer of the residual 
“positive character” with its eventual 
dissipation at sites vulnerable to break- 
age. The 
zymes and viruses differ in their radio- 
the cross section for 


various functions of en- 
sensitivity, e.g., 
inactivation of dry invertase was 
greater for enzymatic than for serologi- 
cal effects. With viruses, infectivity 
showed the greatest sensitivity, whereas 
serological and attachment functions 
seemed most resistant. 

Effects in aqueous systems are com- 
additional pathways for 
Molecular and radi- 


plicated by 
energy transfer. 
eal reactions in water under varying 
conditions of radiation dosage, oxygen 
tension and pH were reviewed by M. 
Ebert (Hammersmith Hospital, Lon- 
With high doses, the yield of 
hydrogen peroxide is directly propor- 


don). 


tional to oxygen tension; with compara- 
104 rad) 


a small change in oxygen tension leads 


tive ly lowe! doses about 3 x 
to a large change in yield if the oxygen 
This effect is greater 


The oxygen tension neces- 


tension is low. 
at acid pH. 
to influence hvdrogen peroxide 


sary 


formation was caleulated for model 


however, in view of the un- 


Systems; 


certainty concerning cellular oxygen 
tension, these calculations are not di- 
rectly 5 Sb. 4. 
Philpot Research hs- 


tablishment 


applicable to tissue. 
Atomic Energy 
Harwell, 


ported that several types of peroxides 


England) re- 
may be present in the mouse 15 min 
after irradiation. 
Further evidence for the radiation 
inactivation of bacteriophage (S13) by 
reducing radicals was presented by T. 
Alper (Hammersmith Hospital, Lon- 
don) It is believed that phage is in- 
activated by H radicals in deoxy gen- 
ated suspensions and by Os” radical 
ions in an oxygenated medium. It 
be recalled that most, but not all, 
believed to be 
When the ex- 


time was brief and sampling 


radiation reactions aré 


oxidative in nature 


posure 
oecurred immediately after irradiation, 
the inactiy 


ition dose in phage sus- 


is equilibrated with various 


pensions 


gases increased from hydrogen to nitro- 


gen to oxygen and was greatest in 


oxygen-hydrogen mixtures. It is in- 
teresting that the 
with high-dose-rate irradiation 
and least 
when the yield of hydrogen peroxide 
However, when the ir- 


inactivation effi- 
ciency 
immediate sampling was 
was greatest. 
radiation pel iod or the time of sampling 
was peroxide 


prolonged, hydrogen 


inactivating agent. 


augmentation 


served as an 
Under these conditions, 
of radiation effects by oxygen may be 
due to the intermediary of hydrogen 
peroxide, which functions as a tempo- 
rary reservoir of free radicals. 
According to R. Latarjet (Institut du 
Radium, Paris), the transforming prin- 
ciple (TP), which confers resistance to 
pneumococci against streptomycin, is 
effects of 
X-rays than is bacteriophage. It was 
suggested that the absence of a protein 


more sensitive to indirect 


membrane and molecule dissymmetry 
the surface for free-radical 
reactions. Unlike 
bacter iophage, TP inactivation was not 


increased 
nucleic acids and 
affected by oxygen, and there was no 
aftereffect. The inactivation was con- 
sidered to be not unlike that involved 


in producing gene mutations. 


Biochemical Effects 

How radiations affect cell 
constituents reviewed by M. 
Errera (U. libre de B.uxelles, Brussels), 
who noted that the only obvious im- 
mediate effect appeared to be on DNA 


1lOMIZINE 


Was 


metabolism, perhaps as a reflection ol 
the intimate relationship bet ween DNA 
constituents and cell processes. It 
was suggested that establishing limit- 
ing conditions for cell components 
might help unravel radiation-induced 
changes, e.g., on protein s\ nthesis and 
respiration. 

Autoradiographie studies by L. G. 
Lajtha (U. of Oxford, England) of DNA 
synthesis in cultures 
uptake of P -labeled orthophosphate 
C'4labeled 


occur red 


human-marrow 


and of adenine) revealed 
that 


limited 


svnthesis only ior a 


time (12-15 In 
second half of the intermitotic period, 


during the 


and was completed several hours be- 
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fore metaphase. A 5,000-r dose com- 
inhibited DNA synthesis of 
cells in the synthetic period during 
irradiation. Cells in the first part of 
the intermitotie cycle could enter the 
synthetic died 


synthesis. 


plete ly 


after an 
As- 
DNA from base, sugar and 


stage but 
abortive attempt at 
sembly of 
phosphate was sensitive to ionizing 
radiation but not to aminopterin. 
However, incorporation of formate into 
DNA was inhibited markedly by the 
folic acid antagonist and by X-rays as 
we ll. 

According to A, Nizet (U. de Liége), 
a factor in irradiated plasma accelerates 
synthesis of hemoglobin by dog reticu- 
locytes, whether plasma is irradiated in 
vitro or in vivo. The incorporation of 
Cl into liver glycogen in X-irradiated 
animals was studied by M. Lourau- 
Pitres (Institut de Biologie Physico- 
Chimique and Institut du Radium, 
Paris) with the conclusion that the svn- 
thesis of new glycogen, but not its 
turnover, was affected by irradiation. 
Exhalation of C'O, after injection of 
labeled bicarbonate into total-body- 
irradiated mice was described by A. 
Forrsberg (Institute of Radiophysics, 
Stockholm). Irradiated mice exhaled 
C40, at a greatly decreased rate for a 
few minutes after intraperitoneal in- 
jection of bicarbonate. It 
gested that this might be due to a 


Wus sug- 


in absorption rate since it 
after 


decre ise 


was not observed intravenous 
administration. 

D. W. Van Bekkum (National De- 
fense Research Council, Rijswijk, The 


Netherlands) suggested that decreased 


phosphorylation of spleen mitochon- 


dria, after total-body irradiation as low 
as 50-100 r, probably resulted from an 
indeterminate block in oxidation-cou- 
pled phosphorylating reactions. The 
disturbance. was not related “to the 
ATP-ase activity or to 
other cytoplasmic factors. Oxidative 
phosphorylation decreased as early as 
$ hr irradiation. The signifi- 
eance of this change is not obvious; 
Mole noted that morphological damage 
is already this time. 
Effects of X-rays on acid-soluble phos- 
phates and on respiration of the skin of 
P. Mandel 


Strasbourg, 


increase in 


alter 


apparent at 


rats were discussed by 
Faculté de Médicine, 
France), who indicated that energy- 
rich phosphates were decreased during 
the first days after irradiation. 

In reviewing the action of ionizing 
radiations on lipids and lipid metabo- 
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lism, A. Chevallier (Faculté de Médi- 
cine, Strasbourg) concluded that it 
was difficult at present to determine 
whether changes, when observed, re- 
sulted 
effect, for example by action of oxidiz- 


from a primary irradiation 


ing radicals, or from some more 


physiological alteration. 


Sensitivity, Effectiveness 
Differentiation 
tivity and biological effectiveness is of 


between radiosensi- 


considerable theoretical importance 
reflects a 
namely between the biological system 
There 


indeter- 


and point of emphasis, 
and the radiation, respectively. 
is, needless to say, a large 
minate area between the two. 

J. S. Kirby-Smith (Biology Div., Oak 
Ridge National Laboratory) reported 
that 60-S0-kvy X-rays were about 1.5 
times as effective as 200-kv X-rays and 
(‘69 
(1.2 Mev) for producing chromosome 
pollen. 


twice as effective as y-rays 


breaks in dry Tradescantia 
The 
(RBE 


neutrons 


biological effectiveness 


10 for evelotron fast 


relative 

was about 
compared — to high-energy 
y-rays. The 
ences generally conforms to the pattern 
previously reported by L. H. Gray 
(Mount Vernon Hospital, London), 
who noted that the variation of effi- 


magnitude of the differ- 


large 
2-Mev 
small 
harder 


density 
X-rays and 
comparatively 


X-rays 


with ion was 
200-kv 
and 
200-ky 
radiations, 

R. H. Mole 
and 


ciency 

bet ween 
neutrons 
between and 
AERE) 


reduction in 


employed 
sterilization testes 
weight as damage indicators after vary- 
ing patterns of chronic fast-neutron 
(graphite reactor (Co®) 
Dose-response curves for 


and y-ray 
irradiation. 
weekly irradiation were qualitatively 
similar. The RBE was 3.5 for sterility 
in female CBA mice and about 6 for 
The RBE for this effect did 
not appear to increase greatly with in- 


males. 


creased exposure time; it may be re- 
called that protraction is believed to 
increase the RBE for several biological 
effects, presumably because of differ- 
ences in recovery rates with the various 
radiations. The RBE for testicular 
atrophy in CBA mice was 3 to 4. 
nificant RBE 
strains of mice could be attributed to 
differences in the response to (presum- 
ably recovery from) y-irradiation, the 
effectiveness of fast neutrons being the 
same in each instance. 


L. Ehrenberg (U. of 


Sig- 
ied on | 


differences in among 


Stockholm, 


Stockholm), reported a qualitative 
difference X-rays and fast 
neutrons regarding the influence of 


between 


factors on 
X-irradi- 


ated moist, but not dry, seeds showed 


various post-irradiation 


barley growth inhibition. 
more damage when they were sown at 
12° C than at 25° C. This effect was 
the moist 
stored at the low and high tempera- 


reversed when seeds were 
tures for a week or two before sowing. 
Germination and storage temperatures 
did not modify fast-neutron damage. 
I. Lasnitzki (Strangeways 
Laboratory, Cambridge, England 


fesearch 
ob- 
served that Ehrlich ascites tumor cells 
kept at —79° C for one week 
more sensitive to y- or X-ray effects 
than cells the 
cells were given a 20-min exposure to 


were 


fresh whether frozen 


1,500 r at —79° C or at room tempera- 


ture when they were presumably 


thawing. Cell viability remained un- 
impaired by freezing alone. The rea- 
for this effect is not 


a converse situation might have been 


son obvious; 
anticipated. 

C. P. Swanson (Johns Hopkins U., 
the 
effect on chromosome breakage, based 
Trade- 


to rationalize 


Baltimore) interpreted oxygen 


mainly on experiences with 
scantia, in an attempt 
the inadequacies of the breakage and 
restitution hypotheses. In this scheme 


oxygen was considered to increase 
chromosomal damage through indirect 
energy transfer and also by favoring 
conversion — of 
breaks. 
tions lead mainly to primary breaks, 
The ratios 


of potential to primary breaks and of 


potential to primary 


Since densely ionizing radia- 
the oxvgen effect is small. 


single- to double-strand chromosome 
lesions contribute to the different air- 
the various 
The fate of 
actual breaks in Tradescantia is appar- 


nitrogen sensitivities for 
chromatid aberrations, 
ently not influenced by oxygen, but 
this possibility may be important in 
other situations. 

Studies of the X-ray sensitivity of 
bacteria as reflected by changes in 
oxygen consumption or anaerobic fer- 
mentation were reported*by H. Laser 
(U. of Cambridge, England). Carbon 
monoxide, potassium cyanide, hydrox- 
ylamine or azide suppressed the oxygen 
effect in Sarcina lutea; it was suggested 
that the 
through reducing rather than oxidizing 
These results, however, do 
not necessarily deny an oxygen effect 
Stabilizing 
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influence of oxygen was 
reactions, 


on oxidizing-radical vield. 





in terms of reactive intermediates 
Protec- 


a cell ina reduced state, e.g. 


might, under some condition \ formed in irradiated water. 
to buffer additional 
through the intermediary 
the effect 


semble one in the absence otf 


oxidan | ( on by SH substances is probably re- 


their serving as hydrogen 


hence might a both destructive and regenera- 


ocesses can be modified by these 


Physico-chemical methods The importance of evaluating 


tecting synthetic macrom« protective effects in terms of dose- 


ionising radiations relationships and other phys- 
Alexander. 


eceur by 


against 
isized. 

Nor- 
found 


emph: 
ng the latter, L. Eldjarn 
1 Radium Hospital Oslo 


sidered by variables was 


was shown to 


for free radicals, intramolecu 


fication of energy transfer as described selective distribution of cysteamine 


and the repair or st ibili stamine In various rat tissues 


activated 


earlier, 


of an macromoleculs n ite! ubcutaneous injection of S°- 


1 


the latter was pr vitro and 


indicate that 


example ol compounds. In 


when solutions of pol chemical studies 


alcohol 


conceived to result in 


ACUeOUS 


were otective effect ol evsteumine 


} 


irradiated. Irrad 
loss of ve explained by radical capture 


Wiis 


drogen with polymer-radical forn ind it certain contradictor e 


tion. Polymer-radical deg latio lence migt be accounted for by 


through peroxy-radical intermediar) ff in its concentration in 


ean be prevented by adding suitab various tissues. The observation by 


hvdrogen donors. In the abs 


S. Neukomm U. de Liége Lausanne 


modify the 


did 


inhibition of a rat 


oxygen, the polymer radical does ne that cysteamine not 


growtl mammary 
X-irradia- 
polymer and prevent crosslinking tion in vivo could be interpreted in this 

{ skin test utilizing the cipro wa Along these lines, M. A. Ger- 
of irradiated ebtzoff (U reported 
Gene os that 


Eng i 


degrade but crosslinks to forr 


Hydrogen donors can reconstitu umor resulting from local 


vicinity effect” de Liége, Liége 
introduced by B. Jolles 
Northampton, 


application to the screening of 


evsteamine in mice 


K-irradiation de 


6-hr ) 


imection of 


pital, 700-1 ‘reased 
degeneration in spleen 
intes- 


tive substances was sugyvested it tl | er but not in thymus and 


appears to be limited Regeneration — of sple n and 


Requirements for cysteam eta il ne appeared to be more rapid in 
tion of h reated animals. The suggestion 
X-ravs 
were discussed by <A. Hollaender is manife n 
Div., ORNL). A | 


of protection oceurredl onl 


proter 


mereaptoethylamine 


coli against the lethal effeets of eysteamine protection 


some indeterminate 


siolog, level of factors con- 


metabolism; 


giycogen 


bacterin were grown on certa supporting data are 


after irradiation, e.g., one lete and subject other 


glutamate, uracil and guanine ™ nte retations. 


tection was markedly ratory and clinical trials with 


phosphates present during i tio! I ils that may act as radiosensi- 
vere reported by 3. 2. Mitchell 
Much of the 


onecerned with Synkavit 


This was not the case 


The complenit mbridge WOrk 


tetra- 


ethanol. 


amine effect in this part 
indicated also by 2-methyl-1:4-naphthohydro- 


additivits 
interest that 


Wiis 


with other agen iphosphate which enhances 


the lethal effeet of at ! radiation éffects on chick fibroblasts 


ganic peroxide on bacteria \ Walker rat carcioma Radio- 
when evsteamime was added te he ! ity resulting from initial treat- 
fibroblast 


subcultures even after 16 


toxic avent, whereas the reve 1 nt f the eultures per- 


tion was protective Laterjet sisted in the 
Possible mechanisms in tl Post-irradiation SVNIK: 


tion of animals by. sulfl rvl sub verted minimal effect on tumor 


stances, e.g., evsteine and eysteamin ression 1 ‘ in contrast 
were reviewed bv H. M., Patt 
National Laboratory Len 


with the conclusion that m f ‘ — deat a 


het 


when riven ore 


Distribution studies 
concentrated 


effects can, at nt, be ‘ils when given } 
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prest 


inlow doses. Synkavit treat- 
total-body X- 


irradiation may enhance somewhat the 


Venously 


ment combined with 


acute lethality in rats but not in 
cording to J. O. Laws (Dept. 
of Experimental Pathology and Cancer 
Leeds U 


this substance 


rabbits, ae 


Research England); over-all 


effects of in irradiated 
to be minimal. 


the 


animals appeared 


Gray emphasized 


necessity tor 


defining a radiosensitizer; from the 


point of view ol mechanism, it is im- 


portant to know whether one is dealing 


with the potentiation of an effect of 


one agent by another or with the sum- 


resulting 


mation of ettects 


two different agents, 


Cellular Effects 
The pl 


tion 


vsiological contre ot muta- 
production in streptomyces by 
ultraviolet and X-irradiation was 
sidered by H. B. Newcombe (Atomic 
Energ of C Ltd Ontario 


Essential nonineal 


obtained 


con- 
inada 
simuilat dlose- 
mutation curves with 


the two 


were 
whi h 
thei 


qualities ol radiation 


were partially additive in 


effect Changes in mutability in each 
associated 
The 


induced mutants was 
with 


instance ippeared to be 


with various nuclear states. pro- 


more 


portion ol 


than 


doubled binucleate spores 


and then declined with further increase 
in the number of nuclei 

J. G. Carlson (U 
that 


stickiness « the 


. of Tennessee, Oak 


X-ray 


chromosomes of 


Ridge) repor induced 


rrasshopper neuroblasts 


equired a 
lower do 
This may he differential 


f 


stuge, 
seCnsl- 


ehromosomes 


different 


of mitosis or may be merely a 


manifestation of the time tilable for 
stickiness to develop. 


S. H. Revell (Royal C 


London suggested th 


Hospital, 
it hromatid 


res induced by diepoxide and by 
LloOnizing radiation were essentially 

| nd occurred only at points 
contact, 


romatid ex- 


romosomes were in 


to this view, cl 


would involve only heterol- 


ints in contact on the same 


chromosome or associuted parts of 


different chromosomes. Gray pointed 


out tha he mechanisms of chromo- 


some and exchange’ by 


inauve 
radiations 


lx 
nmvVe 


chemica and by LOMIZING 
» identical nor inv exact 
contact He noted that 


vith the dose 


need hot 
points 
were linear 


interchanges 


and increased as the 
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of diepoxide 





square of the X-ray dose. Differences 


in the types of reunion in Tradescantia 


chromosomes after treatment with 
X-rays and diepoxide were reported by 
G. Roy-Lane (Southampton, England). 
With diepoxide, reunion was entirely 
between chromatids whereas with 
X-rays chromosome reunion was also 
apparent. E.E.Deschner (Brookhaven 
National Laboratory, Upton, N. Y.) 

rted that 


of Trillium chromosomes to 


changes in the radio- 
SENSITIVITY 
breakage during various stages of micro- 
were not related neces- 


S roge sis 
porogene l 


sarilv to ¢ ffects on rejoining. 


Pathological Physiology 

B. Rajewski (U. of Frankfurt, Ger- 
many) reported that acute (3-5 dav) 
lethality of mice resulting from large 
whole-body X-irradiation was 
lent ol 
» 12 hr. 


dose did not modify the effect 


1 
ioses ot 
close ( 


indepen times of 


exposure 
Fractionation of the 
successive fractions were sepa- 
rated by 24 hr or longer. It was sug- 
gested that the 3-5 day killing of mice 
might be related to a pituitary-adrenal 
effect. 

The thesis that hypercorticism may 
be a 
blood formation after whole-body ir- 
radiation was investigated by H. Betz 
U. de Liége 


) cortisone 


ontributing factor in inhibiting 


Although a large dose 
could inhibit 
yjietic regeneration in irradiated rats, 
the 


hemato- 


results of the more critical experi- 
were inconclusive. However, 
ophic hormone, testosterone, 
min B12 enhanced somewhat 
reneration of blood-forming tis- 
it only in adrenalectomized 
Thus, 


hormones 


these substances and 
were antago- 
their action; this might be re- 
differential effect on 
metabolism, which in turn was 


then 


d to hematopoietic regeneration. 
L. A. Elson (Royal Cancer Hospital, 
reported that “ Myleran,” 
1:4 dimethanesulfonyloxybutane, re- 


London 


roduced mainly the myeloid effects of 


rats while nitrogen 
the 


Administration of 


on in 
led, for 
effects. 


most part, to 
gents resulted in blood and body- 
changes comparable to those of 
X-irradiation. 

itions made on humans after 
Oc: ol whole-body doses of 
were described by W. Court- 
The latent period 


X-ravs 
Brown 


bet ween 
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London). 
irradiation and the onset of 


symptoms depended on the dose, body 
size, and the sensitivity of the irradi- 
ated site; it was linearly related to the 
log dose per unit of body size for any 
site. It 


time of 


irradiation was sug- 
that the 


severity of the initial illness were a 


given 
gested onset and 
manifestation of the release of diffusi- 
ble substances the irradiated 
volume and the extent of their dilution 


Irom 


Changes 
in the this 
period were not characteristic of those 
ACTH, 
histamine; adrenal function 
disturbed 
during the onset of clinical radiation 


in the remainder of the body. 


leucocyte count during 


induced by epinephrine or 
was ap- 
parently not before o1 


sickness. 


Biological Protection 

In contrast to many chemical pro- 
tective effects, 
be related somehow to energy-transfer 


which are believed to 
mechanisms, other procedures are ap- 
parently more selective and concerned 
with the events responsible for injury 
to, or recovery of specific physiological 
Effects of shielding 
and transplants fall the latter 
be thought of as 


systems. tissue 
into 
category and may 
examples of biological protection. 
Modification of radiation responses 
by shielding procedures was considered 
by L. F. Lamerton 


London), 


Royal Cancer Hos- 
sublethal 
exposures to facilitate study of the 


who used 


pital, 
recovery phase. Shielding small vol- 


umes of active marrow minimized 
because of mega- 
karyocyte the shielded 
Bleeding and anemia were also 


adioiron uptake showed 


thrombocytopenia 
activity in 
part. 
diminished. 
that the 

poietic function earlier than bone mar- 
after whole-body X-irradiation 
with 450 r. Whena limb was shielded, 
an initially high iron uptake was seen 


shielded 


spleen recovered erythro- 


row 


in the part, and splenic 


erythropoiesis developed at an earlier 


stage than in the case of unshielded 
animals. Absence of the spleen did 
not appear to modify the over-all effect 
of limb shielding on erythropoietic 
recovery. 


J. Maison 
Switzerland 


Cancer, 
that 


bone 


Institut de 
reported 
and 
rats 


Louvain, 
intestinal 
X-irradiated 
more effective in promoting survival 
Intestinal 
somewhat 
this 


not seen with bone marrow shielding, 


shielding loops 


marrow in Was 


than shielding either alone. 


shielding alone decreased 


the early body weight loss; was 


which, however, minimized subsequent 
weight changes, presumably because 
of the increased well-being associated 
with earlier hematopoietic recovery. 
Injection of eysteamine enhanced the 
protective effect of bone-marrow shield- 
ing or marrow injection in X-irradiated 
rats. 

Effects of spleen shielding and injec- 
tion of cell suspensions on survival of 
X-irradiated mice were 
L. O. Jacobson (U. of Chicago). A 
relatively small total number of cells, 
about 1 
cient to increase survival when injected 
X-irradiation. It 


gued that morphologically intact cells 


reviewed by 


< 10° marrow cells, was sufhi- 


soon alter Was ar- 
may be necessary for radiation protec- 
tive effects of this sort 


the interpretation of Cole of a 


in contrast to 
sub- 
cellular factor resembling a 
DNA noted that 
a homogenization-fractionation tech- 
nique similar to that emploved by Cole 
did not affect 


capacity of 


recovery 


protein. It was 


the  leukemia-inducing 
suspensions ol leukemic 
cells, 


J. Loutit (AERE, Harwell 


a mouse-strain specificity in the action 


reported 


ol spleen homogenates that was mani- 
fest 
long-term basis, i.e., 
The 
spleen homogenates was quite labile; 
it could be 
procedures that are 


when survival was followed on a 
beyond the usual 
active 


30-day period. agent in 


stabilized somewhat by 
believed to 


Immunizing 


pre- 


serve cells. mice with 
spleens from another strain decreased 
protective activity when similar spleen 
preparations sometime 
jJater. This, 


that intact cells were required for the 


were given 


however, does not prove 
protective effect. 
According to L. J. Cole U.S 


Radiological Defense Laboratory, 


Naval 
san 
Francisco), the spleen recovery factor 
is insoluble and particulate, associated 
with the 
and 


nondialyz- 
and 
X-radia- 


tion, lyophilization, and treatment with 


nuclear fraction 


able thermally unstable, 


inactivated by ultrasonic or 
trypsin or desoxyribonuclease. It was 
shown that the DNA present in intact 
nonhomogenized spleen cells was not 


added 


interpreted as 


available as a substrate for 


DNA-ase. This 
further support for the conclusion that 


was 


the active agent in suitably prepared 
spleen homogenates is a DNA protein 
rather than an intact cell. It was gen- 
erally agreed that further work 
quired to establish the precise nature 


END 
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FIG. 1. 


Amplifier and counting-rate meter circuit 


Scintillation Detector for Carborne and Airborne Use 


By F. J. DAVIS, J. A. HARTER, 

P. W. REINHARDT, and C. F. HARRIS* 
Health Physics Division 

Oak Ridge National Laborato 


Oak Ridge A Te nnessee 


A scintillation detector has been de- 
] 


veloped specifically for geologists and 


Rapid calibration 


ible at any 


1D 


prospectors, taking into consideration car or light aireraft. 
the needs and operating conditions that and standardization are poss 


one encounters while operating radia- time during field operations by such 
as built-in standardization of 


amplifier gain and high voltage, and 


tion detection equipment in the field features 
The equipment weighs 31 Ib, not in- 
the 
head, and is operated from either the 


ling recorder and scintillation counting-rate meter calibration. 

Fig. 

6-volt or 12-volt storage battery of any 1) was designed for reliability and sta- 
bility rather than for simplicity. The 


amplifier is essentially the same as the 


The amplifier-ratemeter circuit 





| 
.] | 
Ltt | 
| 
B+ B- A+ 
Mallory Vibrapack 
type 554H 


°% 
«if 


4 
7 4 \ 
To a-c/ transformer 


" 
| 








first three-tube feedback loop of the 
Bell and Jordan general-purpose linear 
amplifier. T 

Miniature tubes have been used in 
the amplifier and discriminator circuit 
to conserve space and weight. Consid- 
erable stability to temperature changes 
was obtained by using a noninductive 
the feedback 
circuit 
20, 50 


wire-wound resistor in 
The 


sitiy ity ranges ol 
200 


has sen- 
100 and 
full 


ratemete! 
2, 10, 
(100 


loop. 





eps /division divisions 


with an output suitable for driv- 
Various RC 


scale 
ing a 0-1 


na recorder. 


* PRESENT AppRESS: Oklahoma A and M, 


Stillwater, Oklahoma. 











FIG. 2. Vibrapack power supply: (A) 6 volt and=(B) 12 volt 
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t W. H. Jordan, P. R. Bell, Re 
18, 703 (1947). 
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FIG. 3. Q pulser calibration system 


The 
are desig- 
and 40/S, 
at which the 
For example, 


can be chosen. 
RC switeh 


10/8, 20/S 


time constants 
positions of the 
nated as 1/S, 
where S is the sensitivity 
ratemeter is operated. 
at a sensitivity of 20 eps/division and a 
RC 10/S, the RC 
stant 1959 or ! The 
tube wired so that the 
same power cables can be used to con- 
vert the 
6-volt or 12-volt Vibrapack power sup- 
and 2B. 
simplified 
to 
and ratemeter, 


setting of time con- 


would be 2 Sec. 
filaments are 
system directly to either a 
ply shown in Fig. 2A 

A built-in, 
pul 


pulser t 1S 


mercury @ 


the 
and to mon- 


used standardize 
amplifier 
itor the high voltage supply (Fig. 3). 
the 


position 3, a d-e standard voltage is fed 


By switching selector switch to 
into the input of the mercury relay Q 
pulser from either a standard cell or a 
high-impedance voltage divider across 


a Mallory RM-12 The 
output pulse generated from this stand- 


mereury cell. § 


ard voltage is fed into the amplifier for 
ealibr By 
switching the selector switch to posi- 
tion 4, the terminal of the 

pulser is then switched to a voltage 


ation of the discriminator. 


input 
and R» across 


By 
the voltage 


divider consisting of R, 
the high voltage supply. 
selection of R, and Ro, 
across Ry can be made equal in ampli- 
tude to the 
desired high 


in the } 


proper 


reference voltage at the 
Any 
igh voltage output can 

detected by 
riminator threshold setting and 


voltage setting. 
( — 
then be a shift between 
this dis¢ 
the standard pulse threshold setting. 
The mercury relay is driven from the 
in the Vibrapack 


vibrator has a res- 


transformer 
the 
frequency of 


powel 


power supply; 


onant approximately 
ORNL 


; Circuit No. Q 1066. 
$J. M 
« 


Booe, J. Electrochem. Soc. 99, 
1952). 
Rep 


rt in preparation. 


Vol. 12, No. 12 - December, 1954 
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FIG. 4, 


118 eps, making it possible to check the 
ratemeter the 
The 


cir- 


calibration, as well as 
amplifier gain and high voltage. 

photomultiplier and preamplifier 
Fig. 4. Any 
provided the 


drain is less than the 


cuit is shown in similar 
used, 


voltage divider 


circuit can be 5S19 


Gain Variation 


of Photomultiplier 


By R. L. CALDWELL and S. E. TURNER 
Magnolia Petroleum Compan 

Field Research Laboratories 

Dallas, Texas 


It is 
RCA 5819 and 
multiplier tubes have excellent gain sta- 
bility.* 


both 


photo- 


thought that 
6292 


generally 


Dumont 


Recent experiments in these 


laboratories have revealed a depend- 


ence of gain upon source intensity and 
recent counting history. 

In the course of y-ray spectral anal- 
vses with a scintillation crystal spec- 
trometer, repeated accurate calibra- 
a weak Cs'5? source showed 
in gain of the 
Monitoring of the high 


voltage power supply to the photo- 


tions with 
a continual change 


spectrometer. 


multiplier tube and calibration of the 
gain showed that the 
gain increased during 


linear-amplifier 
photomultiplier 


the counting interval. The gain in- 


crease was enhanced by short exposure 


to a high-intensity y-ray source. 


After the removal of this source a con- 


tinuous gain decrease was observed; 


Counting today, Nvuc.e- 


28 (1954). 


* Scintillation 
ontcs 12, No. 3, 


Photomultiplier and preamplifier circuit 


10 wa current limit of this | 
supply. 

A large Nal(TI) erystal, 
‘x2 mm 


. crystals used in 


ment of the U. S. Geologiv 


for aerial prospecting, is rec 
to minimize the statistical e 


Tubes 


‘al Survey 


igh voltage 


as the 
equip- 
€ 


such 
the 


ommended 


ror. 
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FIG, 1. 


to continuous 0.8-mr min Ra + 


Photomultiplier-gain increase due 
-irradiation 
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Time ofter End of irradia 














FIG. 2. Gain decrease of the tube after 


Cs y-irradiation 
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FIG. 3. Incremental tube-gain decrease 
after Cs y-irradiation 


whether this effect is due to ‘sensitiz 

the photocathode or. the 
dynode material has not been estab- 
lished. 
no large resolution losses result at the 


The 


tion” of 
indicate that 


Measurements 


obser ved. 


6292 and 


increased gains 
of five Dumont 
5819 tubes were checked at 


All of 
the 


high counting rates, 
and none of 
the 


The magnitude of the gain shift 


tubes 
showed change-in-gain 
served are such as to introduce ay 
able error in the measurement of 
energy peaks when relatively 
intensities of low-energy radiation 
present. It may be possible t« 
mize this effect by the optimum s 


tion of bleeder resistor values. 


Experiments 


The scintillation crystal 


eter consisted of a 1!5-in. by 


sodium iodide erystal optically 
to a photomultiplier tube, linear 


fier, single-channel pulse-height 


lyzer, and a sealer or counting 


The photomultiplier 


Was 


meter. 


at S6 volts on dynodes 3 


10 and 340 and 


erated 
through 170 volts on 


dy nodes l and 2, respectively, 
510k bleedet 


photocathode voltage 


resistors. The 


was continuously monitored to 
volt. 
erystal from the various sources 


Gamma-ray intensities 
were measured with two pocket ioniza 
tion chambers. 

To observe the gain increase of 
photomultiplier during irradiation, two 
y-ray \ 4-curle 
Po-Be t.5-Mev 


y-rays as well as neutrons, was placed 


sourees were used. 


souree, which emits 
10 in. from the crystal to give 13 mr/hr. 
The principal pair-production peak due 
to the 4.5-Mev y-rays was found with 
the 
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single-channel pulse-height ana- 


FIG. 4. Tube-gain increase due to inter- 
mittent Cs y-irradiations 


the counting-rate 


The base-line setting for this 


reading 


was checked more carefully by 
readings the 
At the end of 1 hr, the base- 
with 


1 series Ol with 


ine setting was constant time. 
Then a 10-me 
| 16 in. from the erystal to give an 


Al- 


a maxl- 


radium source was 
iditional exposure of 45 mr/hr. 
gh the radium source has 
-ray energy of about 2.3 Mev, a 

the emitted 
energy. The 4.5- 
Po-Be y-rays were easily resolved 


e the 


fraction of y-rays 


1 much lower 
lower- 


high intensity of 


energy radium pulses. The base-line 
setting of the analy zer for the strongest 
peak due to the 4.5-Mev y-rays was 
determined at regular intervals to give 
a growth curve of the photomultiplier 
gain. Figure 1 shows the curves for 
two Dumont 6292 tubes. 

To observe the gain decrease of the 
photomultiplier after its use at a high 
100-me Cs?* 
vas placed near the crystal for 3 min 
total about 
At the 

esium source was placed on top 
the crystal. The 
if the analyzer for the 0.66-Mev photo- 


counting rate, a source 


ive a irradiation of 


end of irradiation, a 
base-line setting 


electric peak was determined at regular 
ils. Figure 2 is a typical decay 


6292. 


intery 


eurve of the gain of a Dumont 


Figure 3 is a curve of the incremental 
hange of gain obtained by subtracting 
setting before 


2 data. A 


short half-life decay followed by a much 


he initial base line 


radiation) from the Fig. 
longe r-lived decay are apparent sac 
ibout 2.5 and 28 min, respectively. A 
second Dumont 6292 tube showed sim- 
RCA 
gain increase Ior 
With no high 


an overnight 


5S 19’s 


similar ir- 


ir performance. Two 


gyuve no 


radiations. voltage on 


a 6292 tube. irradiation 


of 9r was made. 


Upon application of 


FIG. 5. Arrangement for incandescent- 


light exposures 


voltage, the tube gain was 


the high 


unchanged from its value before 
exposure, 

A second experiment on gain in- 
crease was performed using the 100-me 
Cs'*7 source to give brief, intermittent 
exposures at repeated intervals. A 
thick lead shutter 


erystal 


between the source 
the 


Ten-second exposures, each 


and was used to control 
exposure 
7.8 mr, were made at 2-min intervals. 
The 5-ue Cs! 


for calibrating the tube gain. 


source on the crystal 
Was user 
The 


height analyzer for the photoelectric 


base-line setting of the pulse- 
peak was observed at 1 min after the 
end of each 10-sec exposure, Figure } 
shows the gain-vs-total exposure curve 
6292. This 


curve shows two components of about 


for a Dumont growth 
the same half-lives as observed in the 
decay curve. 

A third experiment consisted of ex- 
posing the photomultiplier to an in- 
bulb a light- 
tight enclosure with a 1-in. diameter by 
\5-in.-thick Nal erystal on the tube 
The light entered the photo- 
the the 


l-min eX- 


candescent mounted in 


(lig. 5). 
walls of 
light 
followed 


through 
After a 
tube 


multiplier 
light pipe. 
posure, the 
using the weak cesium source rigidly 
fastened to the light-tight 
The decay curve of tube gain showed 


gain Was 


enclosure. 


the same components found with y-ray 
irradiation, establishing the effect to be 
within the tube and not the crystal. 
Exposure to different light intensities, 
as monitored by tube current, showed 
that 
gain is dependent upon the amount of 


the increase in photomultiplier 


light irradiation. 

the was 
any permanent gain change observed. 
After sufficient time for decay following 
either y-ray or light exposure, the tube 


In none of experiments 


gain returned to its original value. 
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moves across the field controls, in part, 
the number of counts recorded With 
due consideration to tube sensitivity, 
shielding, and amount of radioactivity, 
we elected to employ a scanning speed 
of 10 in. in !s min. <A lead serew of 11 
threads per inch is commercially avail- 
able, requiring a screw rotation of 220 
rpm. The reversible motor used has a 
speed of 5,000 rpm; a worm and worm 
wheel connection provides a speed re 
duction of about 25:1 between the 
motor and lead screw. A variable 
speed motor incorporating a counting- 
rate controlling circuit might be desir- 


ASSEMBLY MOUNTING is birail X-ray tubestand, which fits X-ray table; height is ad- —,,},), (5): however, good results have 
justable. Lateral views of neck can be obtained by rotating scanner 45 deg, avoiding me tadeaeal io ie haa 
patient's shoulder. Bottom-frame support (2!5 X 15 in. Duraluminum) holds rack that een obtained with the describe 
advances upper carriages (1!5  ®, in. Duraluminum). Inside frame dimensions are: 
bottom, 207. & 23 in.; middle, 197, 10 in.; top, 97,4 X 3°), in. Maximum field The recording device, a relay to 


size is 1213 X 1214 in. which is attached a pointed brass rod, 


apparatus. 


is mounted on an arm attached to the 

top earriage. When pulses from the 

e ° e ° scaler activate the solenoid, the brass 
Economical Scintillation Scanner nies a es  ahee 
paper is placed between two or three 


sheets of paper and a dot is made by 


By THEODORE E. SOPP, SAMUEL V. The various factors arising in design- 
GEYER, and J. STAUFFER LEHMAN —ing scanning devices are field size, ‘he brasstod, 


De} { of Radiology scanning speed, transverse and longi- 
ESI / ” The authors express sincere tha 


Hahnemans edical College and Hospital tudinal motion, recording, and mount- Edward Flamm, chief machiniet o 


Pi sie tite dedi —o ing. Thescanning motions are accom- mann Medical College and Hospital, 
helpful suggestions and actual prod 


the instrument describ 


plished by two upper carriages. <A 
rack, attached to a bottom frame, 


ed 
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the advantages of mechan- advances the upper carriages. On the 
iz radioactive-material middle carriage are mounted the 


iro are well estab- motor, lead serews, and advancing 2, H.C. Allen 


» initial high eost of a mechanism. The top carriage holds rae ay = 


presents an economic — the scintillation detector and recording | 8. F. K. Bauer, W. E. Goodwin 
; ; ae 1 | B. Carsen, Calif. Med. 77, 380 (1952 
average institution. A pen; its removal is simplifies v . 2 Seon tt. tetas CO 


scanner has been con- — half-nuts. Libby, Nuctrontcs 9, No. 2, 46 (1951 
5. irtis, B. Cassen, Nuc Leontces 10, No, § 


is deseribed here. The speed at which the detector 


TOP CARRIAGE carries scintillation detector and recording pen in MIDDLE CARRIAGE provides longitudinal motion, using same 
transverse motion. Two half-nuts, 2!» in. from one end, engage motor that drives lead screw, by means of rack-and-pinion drive; 
lead screw of middle carriage; lugs 2!» in. from other end acti- 12-in.-long rack is on bottom frame. To advance carriage !{« 
vate reversing and advancement mechanism by impinging on in., ratchet and pawl device drives pinion. Thrust rod, moving 
inner collars on middle carriage; two microswitches and latching under action of upper carriage, causes-rack-and-pinion mecha- 
relay permit reversing. When upper-carriage lug pushes on nism to rotate, thus advancing unit. After desired advance, 
inner collar, thrust-rod moves and outer collar pushes on switch; microswitch is operated and motor reverses. During pinion rota- 
advancing mechanism operates at same time. Adjustable inner tion, pawl on opposite side is drawn back to be in position for 
collar provide range of field sizes next cycle 
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FIG, 1. 


Servo and selsyn system of ratio circuit and isodose recorder 


Automatic Isodose Plotter 


By G. A. MAUCHEL and H. E. JOHNS 
Ph {SUC8, Unive 4 if 


Saskatchewan and Cancer Cli 


ly partment al 
Saskatoon, Saskatchewan, Canada 


Without automatic devices, plotting 
isodose curves to indicate dosage dis- 
tribution ina water phantom irradiated 
with X- or y-ravs is very laborious. 
A plotter that compares two integrated 
dosage rates was developed by Kemp 
years ago (1). The 


several plot 


ter described 


here consists © two 


identical, simple d-c amplifiers and 
a commercially available servo system 
With it, a set of ten 


and 


isodose curves 


may be measured plotted in 


about 10 min. They are independent 


ofoutput fluctuations. 


FIG. 2. Probe-moving mechanism under 
280-kv X-ray machine; monitor supported 
in corner of field and probe beneath sur- 
face of water phantom 
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Tl is SVStem 


cuit and an isodose 


consisting Of a ratio cir- 
plotter 
independent 


Figs. 1-3), 
two ionization 


a monitor MV anda probe P, 
placed in the same X-ray 


employ 
chamber 
which are 
beam. The monitor is held in a fixed 


position whereas the probe can be 
moved to various positions in the watet 


The 


ionization chambers are 


and probe 


connected to 


monitor 


ph intom 


two d-c amplifiers coupled so a variable 
fraction of the monitor output is bal- 
inst the total output of the 


mced 


Used as Ratio Circuit 


With the switch S, in the upper posi- 


1), the device is used as aratio 


FIG. 3. Recording system; from top to 
bottom: recording table, selsyn control 
panel, ratio circuit; top center is manually 
operated sweeping control 


circuit (2). The balance is continually 
maintained by 


which selects the proper fraction of mon- 


the servo motor M,, 


itor output to balance the probe output. 
The dial of R, 


current ratio at all times. 


indicates the ionization- 
With this 
arrangement, the ratio is independent 
of random fluctuations of output from 
the X-ray machine. 

To measure percentage depth dose, 
the probe is first moved to the surface 
of the phantom and R» adjusted so that 
with the contact point of R,; at the 
100% end of R,, balance is obtained. 
The dial of helipot R; reads 100 at this 
position. When the probe is moved to 
lower dosage rates, the servo motor M, 
automatically moves the contact along 
R, to maintain balance. The per cent 
depth dose is read directly off the dia- 
of helip it Ry. 

The d-e amplifiers are identical; each 
consists of two battery-operated elec] 
trometer pentodes arranged with 100% 
feedback (Fig. 4). Details 
of the ratio circuit have been published 
2). When using the ratio 


negative 


elsewhere 
circuit alone, a cartesian remote-control 
system for moving the probe through 
the water phantom is convenient (3, 4), 
but for isodose plotting a pola system 


shown in Fig. 1 is more practical. 


Used as Isodose Plotter 
To use the 
slotter, <WI1T¢ h Ss; (Fig. 1) 


device as an isodose 
is moved to 


Any error signal 


" 
I 
the lower 


position. 
from the ratio circuit activates motor 
Wo, moving the probe radially along a 
line through the origin of a set of plane 
polar coordinates, until the error signal 
In most cases, the isodose dis- 
that, 
the 


decreases. 


Is Zero 
as the probe 

the 
these 


tribution is such 


further from origin, 


Under 


when the probe signal 


moves 
dosage rate 
circumstances, 
is less than the selected fraction of the 
monitor signal, M. rotates in a clock- 
wise direction moving the probe to- 
the In the few 


where dose increases with depth, such 


Origin. Cases 


wards 
as in the build-up region for high- 


energy radiation (5), a manually op- 
erated switch may be used to reverse 


The 


particular isodose curve followed by the 


the polarity ol the error signal. 


probe depends on the setting of R In 
one sets the probe at the 
the 


most 


Cases, 


position of maximum dosage in 
water phantom and adjusts Re as pre- 
viously described. The probe will now 
move to the depth corresponding to 


any percentage set on FR. 
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To follow an isodose cur ve, the radius 
r is rotated about the origin 
This rotation is 
produced manually by rotating selsyn 


vector 


through some angle. 


S,,, in the control room (Fig. 1). In 
the control room, an identical system 
to the one carrying the probe is used, 
but a pen is mounted on the radius 
vector rather than a probe. The mo- 
tion is confined to a horizontal rather 
than Angular dis- 
placements 6» of the pen arm are exactly 


a vertical plane. 


reproduced by the angular displace- 
ment Op 
the selsyn system S,,, — S,,. 


of the probe arm through 
Thus, 
the operator manually changes the 
position of the pen arm causing a sim- 
ilar change in the angular position of 
the probe arm. The servo motor M2, 
as well as driving the probe to the 
proper depth, drives a selsyn generator 
Sing Which is coupled electrically to the 
selsyn motor S,, in the control room. 
The selsyn motor S,, moves the pen in 
exactly the same way as the probe is 
moved. 

Manual control of the rate of angular 
displacement is convenient because it 
may be altered at will to suit the tvpe 
When the 


isodose curve approximates the are of a 


of curve being followed. 
circle of radius r, the angular sweep 
Near the 


edges of the beam the sweep speed must 


speed may be increased. 
be decreased to allow time for the servo 
system to move the probe to the bal- 
ance point. Angular accuracy — be- 
tween 4p and 6x is achieved by gearing 
down the sweep selsyn 108: 1. 

The origin of the polar system is 
conveniently placed about 20 cm above 
the water surface. The operator need 
therefore 


selsyn about ten turns to cover the field 


turn the manually driven 


This allows rapid an- 
retains fine 
When the 


has completed one curve, he 


radiation. 
sweeping and yet 
ol where necessary. 
oper itor 
can lower the recorder table and set R, 
to the next When he 


sees that radial motion has ceased, he 


desired value. 


the recorder table and draw 


mav raise 


the next curve. 


Servo and Selsyn System 


rvo system consists of a con- 
and two- 


Brown amplifier 


otor. The probe-moving sys- 
very slightly underdamped. 
ds errors during sweeping, 
uld arise, if critical damping 
were used, due to the servo system not 
steady state. The slight 


Hens in a 
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Note: all filament batteries 





To converter ond Brown amplifier 








ore Mollory RM-4 








FIG. 4. Detailed ratio circuit 


oscillation due to underdamping is not 
at all bothersome and a smooth curve 
may be drawn through the pen trace 
with very little uncertainty. 

Error between the angular selsyns 
was kept to a negligible amount by 
For 


gearing down the movements. 


this selsyn arrangement 


KT 
Op — Ox 
R? 


over wide limits where AK = constant 
depending on selsyns used, 7’ = torque 
required to produce angular movement 
with no gearing down, and R = ratio 
by which selsyns are geared down. 


For the selsyns used, A = 1 deg error 














SD 





FIG. 5. \sodose curves obtained from 280- 
kv X-ray machine 


oz-in.; 7 was about 150 oz-in. at the 
edge of the field with the probe at- 
assuming 100% 


tached. Therefore, 


efficiency in the gear trains 


1 & 150 
6p — On = ~ 0.013 deg 
10S & LOS 
In the radial movement, the selsyn 
motor is required only to move the pen 
arm in a horizontal plane by means of 
a rack-and-pinion system. The torque 
requirement is very small (< 5 oz-in.); 
with the rack and pinion used, a radial 
error of about 0.2 mm results, which is 
less than the width of the pen trace. 


Results 

Figure 5 shows a typical set of curves 
taken from a field of a 
280-kv X-ray machine with half-value 


6X8 em 


laver 2.5 mm of copper and source-to- 
skin distance 50 ecm. The set shown 
was obtained in about 10 min. No 
effort was made to keep the output 
constant. 


* * 1 
The authors to thank the National 
Cancer Institute for financial assistance in 
the development of this device. 


wish 
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FIG. 1. 


Front and rear views of sampler 


Automatic Sampler, Recorder 


By A. D. HOSEY, H. H. JONES, O. C. 
MARSH, and R. G. GALLAGHAR 

Ovcupational Health P 
Publ Health Seri 


roqgran 


we 


Department of Health, Educat ” 
We fare 
iT nnat Qhhio 
Several automatic air samplers that 
have been deseribed (1-4) collect the 


sample on a continuous tape with the 


possibility ot cross-contamination 
loss of material when the tape is wound 


Lo 


sumples, it Is necessary to cut the tape 


on the spool. obtain individ 


and some difficulty may be encounters 
identifving them. An instrument 


collects 


that 
automatically individu 
ples would appear, 
TAN practical applications. 

A portable instrument is deseribe 
for collecting airborne contar 
that has the following features 


be collects 


vidual samples an 


various types of filter media 








therefore, to have 


in No. 11 
automatic sa 
Im Cabine 
Interion 
shown inh 
i and func 


Figs, 2 


lrawn through a sampling ] 


t by 


of tl 


and 3 


eriods of 15 min to 6 hr. 


radioactivity 


Imme- 


Is 


counting- 


and reeording d-¢ milliam- 


the instrument ¢an 


mpler is 
t, 20 


components 


Fig. 1. 


tional di: 


1@ ¢ abine 


rs 101 


papers used. 


l 


j 
i 


collecting dust and fume 


Dust 


¢ 


housed 


IS 


ite ifter collection 

itomatically determined by means of 
in end-window G-M. tube, 

e meter 

net By omitting the counting-rate 
meter and recorde) 
be used in atmospheric-pollution s 

( ind for 

es in an industrial plant 

nts | particle-size determinations 
ota rne particulates can be made by 
ibstituting membrane filte 


he 
1h 


in 


20 in. 


are 


The ele = 


No. 











ion top i 
in Bros. vacuum pump 
nt-flow orifice was made by 
. 
p+ — 1 | 
— | | 
| L iV 
| eee _ , 
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FIG. 2. 
52 


Wiring diagram of sampler 





A 


ra 


No. 53 drilled hole in a circle of alumi- 
to fit a 


This was inserted between the pump 


num cut s¢-In. pipe union. 


and sampling head and provides a con- 
stant flow of 0.5 
l-in. effective 
$1 filter 
diamete) 


3 


it® 


diameter 


min through the 
Whatman No. 


paper. Twenty-four 1!4-in.- 


hiter papers are inserted in 


holes cut inthe 171 5-in.-diameter alumi- 
num turntable. Goodyear, hydraulic 
packing, 1!4-in. “O”’ rings are used to 
hold the filters in the counterbored 
holes. 

{ simple push button initiates the 
time evele for the first sample, after 
which the interval timer and the delay 
timer actuate the turntable motor to 
move the next clean filter into place 


between the suction head and air inlet 
Timer Corp. CM-9 inter- 


SF-15 delay 


(Industrial 


| timer and timer 


Twenty-four 34 g-in. countersunk holes 
the the 
pin the 
solenoid-suction head assembly locks 
the A soft-rubber 
gasket attached to the open end of the 
head 
against the turntable. 

An G-M of 1.4 


window density is mounted on 


underside of 
attached to 


were di illed on 


turntable. A 


turntable in place ; 


suction forms an air-tight seal 


end-window tube 


the left of the air-inlet tube in such a 


nd of a sampling 


position that at the « 








evele, the turntable rotates the paper 
into position under the tube. G-M 
MV be ! 
~ — 
r sy 
A 
Mp ¥ > 
aNtiNg a 
te m — «+e e 














FIG. 3. 


ment 


Sampling and recording arrange- 
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tube pulses are Keleket 
K-900 Output 
from this is fed into a portable Ester- 
line-Angus model AW 
d-c milliammeter recorder. In 
model, 
detector determines activity and 


fed 


inting-rate 


into a 


meter. 


varlable-speed 
the 
present the continuously oper- 
iting 
indicates the decay rate of the material 
in the case of short-half-life activity). 
\ third electric timer would permit 
operating the ecounting-rate circuit for 
any period up tothe maximum sampling 
time and thus prolong the life of the 
G-M tube. The 
Esterline-Angus recorder could also be 


present type of 

modified to operate intermittently. 
Other filter types, e.g., CWS-6, Hol- 

Vose, 


filters, have been reported to approach 


and and membrane 


lingsworth 


100% collection efficiency. <A. slight 
modification of the instrument would 
be required for membrane filters. <A 


circle of 200-mesh copper screen should 
be placed in the turntable to support 
the fragile membrane filter. 


The estimated cost of components 
is $1,500 with the Esterline-Angus 


recorder and counting-rate meter being 
the two most costly items. 
The instrument described has several 


disadvantages, which are size 


(100 pounds > 


among 


and weight however, 
except for the timers, the components 
used were available in the laboratory. 
the 


and 


Suggested modifications include 
addition of 


suitable counting-rate circuit. 


a scintillation probe 
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Electroplating Technique for Tl 


By A. VAN CLEVE and 

F. D. McCDONOUGH 

ps Engineering Laboratory 
Fort Monmouth, Neu Jersey 


\ nal C-¢ 


A uniform beta-ray 


high-activity 
a study of 


source VAS required for 
phos} uminescence. Thallium-204 


} 
ppeared to have 


O.S7-Mevy 


the desired charac- 

teristics (pure beta emitter, 

3.5-vr half-life). 

licuries were obtained from 
National 


Since the amount 





Laboratory as 
thallium. 
of thallium was so small, it was decided 
to plate it onto a copper disk. 

The activity was dissolved in nitrie 
cid and diluted to 100 ml. A 21-ml 
iliquot was adjusted to pH 12 with 


immonium hydroxide. Hydrogen sul- 
fide was bubbled through the solution 
to precipitate thallium sulfide. The 


supernatent liquid was again adjusted 
to pH 12 
through the solution to assure 
precipitation. Absence of 

the filtrate indi- 
thallium had been 


and hydrogen sulfide was 
passed 
complete 
residual activity in 
ited that all the 
recipitated. 

The precipitate was washed with 
dissolved in 
acid, filtered 
flask, made 
The bath, 


maintained at pH 2. consisted of the 


imonium hydroxide, 


20% perchl 


into a 


orice 
25-ml volumetric and 
volume. plating 


thallium perchlorate solution, 10 ml 
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ELECTROPLATING apparatus 


of carbolie acid, and 5 ml of 0.1N pep- 


tone to prevent polarization at the 
anode. 

The first trials were run in a stand- 
ard 
wire 
disk 
erratic results because of pool! electrical 
contact. When a 
to the back of the disk, the plating 


process was affected by 


plating cell, a platinum- 


Using 
anode. Suspending the copper 


by an alligator clip produced 


was soldered 


wire 


solder leaching 


Attempts to cover 
the solder with lacquer or clear acrylic 

The 
clusion was that only the front surface 
of the disk the 
plating bath. A plating cell made by 
Tracerlab, Inc., was modified to take 
a l-in.-diameter disk (see 
The original glass tube was replaced 
A flanged 
metal cap ring over the top of the tube 
bolts 


cone- 


into the solution. 
con- 


plastic were unsuccessful. 


copper could be in 


llustration). 


by a larger, l-in. id. tube 


two long 
The anode 


piece ol 


is held in place by 
fastened to the base. 
the 
platinum wire, is mounted in the chuck 


nection to solution, a 
of a stirring motor set at 100 rpm, and 
the power supply lead is clipped to the 
motor Irame. 

Before the 
polished with fine steel wool, washed 


assembly, disk was 
in an alkaline cleaner, then in a deter- 
gent, and rinsed with distilled water. 
and voltage were read with 
a 0-5 volt 
The output 


variable 


Current 
a 0-100 ma ammeter and 
voltmeter, respectively. 

controlled by a 
The Tl** was plated for 


mit. 


current Was 
transtormer. 
30 min at a current of 5-10 
The resulting plate was smooth and 
adherent, although the vortex created 
by the stirrer left a lightly plated spot 
in the center of the disk, 
affect its 
from 


which did not 
The 


black 


usefulness. surface 


grey to when 
A thin film of clear 


acrylic plastic was sprayed on this 


changed 


exposed to the air. 


surface. 
Source activity was counted with a 


Berkeley sealer and an end-window 


G-M tube in a variable-geometry 
holder. It was necessary to use an 
aluminum absorber to reduce the 
counting rate to a value within the 


resolving time of the counting setup. 


The plated disk gave a raw count of 


100,000 cepm on the bottom holder 
shelf. With a 1.1% geometry, and 
considering the aluminum absorber, the 
corrected count was 3 X 10° epm., 


The calculated activity of the source 
was S90 me; the original total activity 
of the bath 1,050 me. 


There was, therefore, a slight activity 


plating was 
loss to the glass-tube walls and during 

Owing tothe difficulties 
a calibrated beta source 


bath transfer. 
in obtaining 
with the same energy as radiothallium, 
these calculations must be viewed only 
in a semi-quantitative manner. 

This plating method is safe, practical 
and requires only a small amount of 
plating solution to obtain the desired 


results. END 
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Ocean Disposal of Radioactive Waste 


Techniques for disposal of both 


packaged and free radioactive wastes 
into the ocean have been recommended 
by the National Bureau of Standards’ 
waste disposal and 

Both types should 
be dumped in water at least 6,000 ft 


subcommittee of 
decontamination. * 
deep, but no specific sites are recom- 
mended. Waste packages should have 


minimum densities of 1.2) gm/cm 
Uncontained wastes should be in a 
form that will sink, with liquids having 
densities of at least 1.1 gm/cem.*  Pipe- 
line disposal is considered undesirable 
Records listing isotope, amount, method 
of disposal, locality, and date, should 
be kept. 

Enclosed wastes. Cur 
be of steel 
lowest-priced 
that: 1, 


ocean bottom without appreciable loss 


tuiners 


should and conerete—the 


materials fulfilling re- 
quirements package reache 
of contents; 2, package specific gravity 
is at least 1.2; 3, package has sufficient 
shielding to limit personne] exposure 
during handling; and 4, size and shape 
facilitate handling. Common shapes 
such as 55-gal steel drums and standard 
concrete burial vaults, have advantages 
Two suggested packaging methods 
are: 1, pour several inches of concrete 
into bottom of steel drum, add 
active material to within few 
then 
» 


over contents; or 2, 


top, pour concrete arour 
place radon 
that 


cased in concrete in a larger drun 


material in a drum then 


tods and heavy woven wire mig 
used for reinforcement to prevent rapid 
loss of contents if package ruptures 
It should also prevent floatable objects 
from separating from the con 

Since hydrostatic sea pres 
creases by about 1 atmosphi 
3.3 ft, packages should be free of voi 
and large volumes of compressib 
terials. If 
there probably should be a 
A tube fi 
outside, crimped shut at the inn 


such material is 


equalizing pressure. 


serves this purpose. Permanent | 
giving the organization’s nar 


* NBS Handbook 58 (1 
ot Commerce Washingt 
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most hazardous isotope and activity 
level might be desirable, in addition to 
the labels presently required. 

Bulk wastes. Bulk 


advantages in 


disposal has 
large 


Safety 


many handling 


volumes of low intensity. 
measures in handling will set limits on 
the radiation levels of bulk-discharged 
materials. Dumping should be away 
from population centers and _ fishing 
ictivities. Deep ocean, where there is 
1 small amount of plankton, ts pre- 


ferred Solids that will sink, such as 
dense briquettes, pellets, or beads, are 
well suited to sea disposal and are easily 
handled 

Liquid 
vater 


that will with 


ilso can be discharged at sea, but 


wastes mix 
mixing and dilution should be acceler- 
ited dilution 
10,000 can be obtained by 
marge, As 


greatel 


Immediate factors of 
proper 
long as the specific 


1.1 and the 


with 


gravitv is than 


liquid is completely miscible 


iter, whether or not the isotope re- 





mains in solution or precipitates is not 
& major factor. 

Conclusions. 
important factor in radioactive-waste 


Publie relations is an 
disposal into the ocean. Any decline 
in fish catches might be attributed to 
waste dumping. Even international 
incidents could result. Thus, any dis- 
should be 
light of 


Advance publicity might 


posal operation entirely 


justifiable in the existing 
knowledge. 
help avoid unfavorable reactions. 

Since sea burial of isotopes is final, it 
should be used only for materials with 
no foreseeable future use—there is no 
way of correcting ill-advised or dan- 
gerous disposals. 

Accidental 


avoided by procedures that effectively 


hazards best can be 
do not alter accessible portions ot the 
ocean. Precautions must be taken so 
that there will be no contact by un- 
The 


life of containers is short compared to 


knowing individuals. probable 
the half-life of some isotopes. 
Presently, 


regulation of disposal areas, maximum 


there is no international 


limits, and records. Such authority 


should be designated. 


Heterogeneous Power Reactors 


W. H. ZINN, director, Argonne National Laboratory, presented the 
material on which this article is based before the 27th International 
Congress of Industrial Chemistry, Brussels, Belgium, Sept. 14, 1954 


Advantages of heterogeneous 


reace- 


lor power are considered here. 
reactors cooled with pressurized 
or sodium are covered—although 
ling has some advantages, the 
umed difficulty of achieving high 
ower capacity has limited U. &. 
nterest in gas-cooled reactors 
Heterogeneous vs homogeneous. 
Heterogeneous reactors of substantial 
ipacity have been in operation for 
There have 


altogethe1 


re than 10 vears been 


ing problems, but 


perience has been ood Thus 


is that large-scale heterogeneous 


reactors are prattical and reli- 
No | irve-=s¢ ale homogeneous re- 
aiter 


has been gained will it be 


are known—only such 


compare the merits of 


and heterogeneo 


us SVS- 


tems. It is encouraging to know that 


going forward for rapid 


plans are 


scale-up in the capacity ot homo- 


geneous reactors. 

Phe 
features of pressurized water power re- 
The 


pressure under which 


Pressurized water. general 


familiar. principal 


actors are 


aspect is the high 


the water must be circulated so as to 
permitting 


2 000 


reach a steam pressure 


it generation of electricity; 
‘ustomary. 


plants, the high pres- 


sure lereate problems. The reactor 


pressure Vessel becomes 4 major engi- 


neering feat when it is large and must 


remain in service for about 20 years 
without detailed Inspection 
The boiling-water 


Na- 


tional Laboratory is an alternate ver- 
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Boiling water. 


concept visualized by Argonne 





brand new world 


\s a major development in its program of advanced design, Martin has expanded 
its operations into the field of atomic power. 

This means that a top team of scientists, physicists and engineers is now ready at 
Martin to carry on a strategic long-range program in the application of nucleai 
cnergy to weapons systems devclopment. 

Yesterday, Martin took the lead in recognizing the importance of electronics, inte 
grating this new science into its operations with engineering and development 
facilities second to none in the industry. 

loday, the horizonless science of nuclear power has been added—again ahead ot 
the calendar. 

(nd tomorrow you can expect Martin to develop techniques for harnessing the 
potential of each new science to come. 


You will hear more about Martin! 


MAFETIN & 


BALTIMORE: MARYLAND 
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It avoid 


ind tl 


sion of a water reactor. 
of the most costly items 
making 
The reactor 
piping layout are extreme 


NU, July 13). 
Despite fluctuations in moder 


the greatest hope of 


competitive power 
"D4, p. 
density caused by boiling operatior 
smooth and satisfactory. This 
derstandable when it is realized 
practical boiling reactors will have 
about 20% voids in the modera 
and only the fluctuation in 
affects 
will be 


density reactivity 


the steam ‘wet 
ciencies and long life are attainabl 
bring itd 


Boiling-water reactors 


LOLOW 


dollar savings because of the 


design advantages over more cony 
tional circulating-water reactors: | 
steam generator is needed; 2, pumpi 
requirements are reduced by 
of 10 


ing from condenser to core: 3, 


water is pumped only in return 
pressure 
vessel is designed for a lower pressure 

if 500 Ib/in® steam is to be delivered to 
the turbine, the reactor vessel operates 
at 500 Ib/in*, not at 2,000 Ib/in? to 
prevent boiling; 4, fuel-element eor- 
rosion is decreased because there is no 


separate steam generator to require a 


large temperature differential: 5. less 
shielding is required on the pi 
system outside the reactor 
cause steam velocities at 
for the same power, the pipes cont 
relatively little activated water 

As disadvantages or unknow1 
ing reactors presently must aecey 
following: 1, more experience 
stability problem is needed, esp 
) 


in a complete power plant 


radioactive steam will enter 


bine--degree of difficulty dep 
activated impurities in the ste 
thus the whole matter of 

the 


utmost importance; 3 


erosion in primary ¢1 
attainab 
density may be too low for 
although 


power appli ation, 


ments on void density er 
steam in a simulated reas 
that 20 kw: liter 


higher values are 


muy 
not ruled 
natural 


Fuel is either 


slightly enriched uranium 
on the choice of heavy o1 
NU, June *54, p. 69 It 
that fuel cost can be reduced 
ceptably low value by leaving 
in the reactor for a long time 
how high burnup can be will 
on either radiation damage 
Because of the 


fuel ele) 


reactiv ity : 
of manufacturing 


water-cooled 


56 


reactors once 


ntains plutonium, reprocessing is not 


ntemplated 


With the 


postulated for boiling reactors, burnup 


modest specific powers 


© means a number of years ex- 


In turn, a very heavy burden 
laced on the integrity of the fuel- 
element protective jacket and its cor- 
When all problems 


rosion resistance 


of stability and turbine maintenance 


e been resolved. the problem ol 


fuel-element durability is likely to 


remain. The incompatibility of ura- 
nium and hot water poses the deepest 
fundamental problem for the reactor 
designer and encourages him to look to 


either a homogeneous o1 nonaqueous 
reactol 

Sodium cooling. A Na-cooled re- 
| a primary Na cH 


tor Involves 


cult, 
ind usually an intermediate Na o1 
Nak circuit 

stem 
pic ited 
boiling-wate! 


that 


in addition to the steam 


Components are more com- 


and expensive than for a 
reactor. 


muke 


worth further development are: 1, no 


Compensating 
factors Na-cooling well 


pressurization is required—only 


inert gas atmosphere of 2-5 Ib/in? 
er free liquid surfaces in’ the tanks; 
high temperatures permit efficiencies 
30% data 


that exit temperatures to 1,100° F are 


Ovel corrosion indicate 


possible; 3, no critical situation exists 


for uranium corrosion with hot Na; 4 


spent fuel can be reprocessed more 


the jacketing problem is not as 


lium reactors as for water- 


ror soc 


ictors 


Conclusions. The long burnup 
| 


lil not be used long once u 


ear-power industry is established 


and fertile 


ipply ol fissionable 


although perhaps large 


ot permit a 99° fuel discard as 


iminated waste. Heterogeneous 
rreactors will be first to reprocess 
them it is a necessity. 


V pes ol reactors 


powe! 
ng and will be fueled with 


3 


ieticability of manufacturing 


ilpha-active fuel material into 
ments will be determined largely 
omplexity of the fuel element 
In future competition among 
ypes, the ones with the easiest 
uct fuel element designs may 
superiol! Perhaps this can be 
sodium the 

We may 
in extremely simple reactol 
ida 


ement against a more complicated 


» weighing the ad- 


difficult-to-manufacture 


stem and an easier-to-manu- 


fuel element 


NUCLEAR POWER 


e D.O leak detector tliat is 
tested 


fail-safe 


and can be functionally from 
the control panel has been developed 
ut the duPont-operated Savannah 
River Laboratory for use on the process 


PDP 


moderator 


and = standard 
The 
built 


develoy ment 


SP pile 


circuits 


multipoint system, which can be 


without machine shop work, has 


detecting elements made by closing au 


small brass hinge over a filter-paper- 


wrapped brass strip. 


Leaking water 


absorbed by papel radically reduces 


paper’s electrical resistance; current 


fires a thyratron and lights neon bulb 
in its plate circuit. Device is reset by 


replacing hiter paper. 

® Location of nuclear power plants will 
1M dictated largely by proximity to load 
and water supply, according to T. G 
LeClair of Commonwealth Edison Co 
Transmission costs as high as 3 mills 


1 


kwh for each 100 miles require that 


most powel plants be located reason- 
ably near load center (most power used 


in U. S. is transmitted less than 25 


miles Because early nuclear powe1 
plants will probably use more than the 
100 kwh 


con- 


500 Ib of cooling water pel 


used =D modern steam-plant 


<imity to water supply 


densers prox 


probably would he cle SI] ible 


commercially 


® Molybdenum, in its 
embrittled to such an 


ation to 


form is 
reactor irrad 
thermal neutrons ¢m? 


is unsale for use } lond-Carry- 


+ 


itor components at low tem- 


pel itures according to tests by Knolls 


Atomu 


Power Laborator \ 


@ Fluor Corporation has carried design 
of an MTR-like light-water cooled and 
reactor sys- 


that 


moderated dual-purpose 


tem to the point where it feels 


competitive nuclear power Is possible 


AK 
and Pu 


how il sets “reasonable prices 


for | 


estimated capital 


The compl te plant oS 
cost of SISS kw 


doesn't include fuel 


net ind this 


£99 1] 
cost arges OT 6.2 MIIIS 


kw based ‘ 15°) amortization 
\NIost the estimated 
Costs are 


rate equip- 


based on vendors’ firm 


about $250,000 is 


ment 
quotations and 
Powe! 

ARC 


pays 


allowed for core le velopment 


cost of 7 mills kwh is estimated 1 


for I 


Pu during the 7-v1 


charges $20 gm and 


amorti- 
that 


S2S g fol 
zation pertod and SS gm after 
Burnup Is assumed to be 1,500 \Iwad 


} ad ] ] 
ton; load factor, So% power level Is in 


the range 60—300 \lw but exact level 


has not been revealed. 
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CLEAN VACUUM 


This new pump has a pumping speed, in the micron pressure range, at least 
eight times greater per horsepower input than any previously developed mechanical 
vacuum pump. The new Kinney Model KMB 1200 Mechanical Booster Vacuum Pump is 
a positive displacement two-stage unit whose performance is revolutionary! It blanks 
off at one tenth micron (McLeod). There is no liquid sealant in the lobe rotor, first stage, 
to backstream into the vacuum system and contaminate the process. It will handle 
sudden outbursts of gas without interruption. For large central pumping systems and 
production processes, here is the ideal Vacuum Pump. 

The Model KMB supplements the twelve other Kinney High Vacuum Pump Models 
— the big line of industry-proved Vacuum Pumps. Kinney district offices are staffed by 
competent vacuum engineers who will be pleased to help you select the right Kinney 
Pump for your needs. Send coupon for details. 


7 KINNEY MFG. DIVISION 


THE NEW YORK AIR BRAKE COMPANY y Name 
7 3614 WASHINGTON STREET * BOSTON 30 * MASS 





Company 


: Please send Bulletin V54 describing the complete 
line of Kinney Vacuum Pumps. Address 


: /C) Our vacuum problem involves City 
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BOOKS 


Metallurgy of the Rarer Metals: 
2, Zirconium 

By G. L. MILLER (Academic Press, Inc., New 
York, 1954, xviii + 382 pages, $7.50). Re- 
viewed by E. C. Mitver, Metallurgy Divi- 
sion, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 


industry has 
The 


used, 


A sizable zirconium 
been in existence for many years. 
zirconium produced has been 
largely in compound form, in refrac- 
tories and vitreous enamels and also, to 
a lesser extent, as a nonductile metal or 
alloy and as a minor constituent in the 
other metals. In 


years, however, there has been an ex- 


alloys of recent 
panding production of zirconium metal 
in ductile form because of its actual and 
potential uses as a structural material 
for nuclear reactors. Many advances 
in zirconium technology have resulted 
from the production and use of this 
ductile form, and the 
voted to this technology has expanded 


literature de- 
rapidly. A considerable need has de- 
veloped, therefore, for a critical review 
of the literature on zirconium and for a 
significant 


This 


compilation of the most 
information into a single volume. 
book admirably supplies that need 
The first chapter covers the occur- 
and world resources of zirco- 
nium, which, despite the title series, 
“Metallurgy of the Rarer Metals,” of 
which this volume is a part, ranks as 
the eleventh in abundance among the 
the earth. 
The principal ore deposits are in the 
United States and Australia, but there 
are large reserves in Brazil, India, and 


rences 


elements in crust of the 


some other locations. 
The book 


specific uses of zirconium in alloys and 


contains a review of 
refractories and in the metallic form in 
nuclear reactors, corrosion-resistant 
equipment, electronics, and surgery 
The methods of extracting zirconium 
from its ores and preparing pure com- 
pounds are covered in some detail. 
Particular attention is 
separation of zirconium from the ap- 
proximately 2% hafnium with which it 
always 


given to the 


is apparently associated in 
nature. The hafnium, because of its 
high neutron-absorption cross section, 
must be removed to allow the use of 
zirconium in nuclear reactors. 

A large part of the new technology 
of zirconium relates to the production 
of the metal, and the book contains a 
review of the early development of pro- 


58 


duction methods, descriptions of the 
present-day van Arkel and Kroll proc- 
esses, and a particularly excellent sum- 
mary of the new methods and modifica- 
tions of current methods, which are 
being investigated with the objective 
of producing a better product at a 
lower price. These include 


the combination of the purification and 


methods 


reduction steps; use of a mixed sodium- 
and-magnesium reducing agent; con- 
tinuous reduction; use of hydrogen as a 
agent; are dissociation of 
oxide reduction with calcium 


reducing 
halides ; 
and magnesium; disproportionation of 
lower halides; calcium reduction; and 
electrodeposition. 

Several chapters cover a summary of 
the data contained in the literature on 
and its 


the properties of zirconium 


alloys: structure and physical proper- 
ties of the metal; mechanical properties 
of the metal and its alloys; and chem- 
ical properties, including gas reactions 
and corrosion behavior. 

The available literature on zirconium 
alloys is reviewed, including that per- 
taining to theoretical considerations as 
well as the quantitative investigations 
of binary systems. 

The unusual properties of zirconium 

high melting point and extreme re- 
elevated 
the 
unusual precautions and methods for 


activity at temperatures 


have required development of 
melting and fabricating the metal to 


preserve its purity and = ductility. 


These are discussed in considerable 
detail. 

The final chapters deal with the 
powder metallurgy of the metal and 
with the production, properties, and 
use of a number of special compounds 
of zirconium, the nitride, carbide, bo- 
ride, and silicide, whose properties are 
essentially metallic and hold promise 
as materials for high-temperature 
applications. 

This ‘is one of the best publications 
on zirconium to appear in the unclassi- 
fied field, and it is doubtful that a more 
accurate or critical summary of the 
subject could be without 
access to the classified literature. For 
the information of those interested in 


produced 


the nuclear properties of zirconium, the 
presently accepted best value for the 
thermal-neutron absorption cross sec- 
tion isO.1S + 0.02 barns (AECU-2040), 
than the value of O.4 
quoted by the author on p. 113. 


rather barns 


Noise 


By ALDERT VAN DER ZIEL (Prentice-Hall, 
Inc., New York, 1954, xi + 450 pages, $10.35). 
teviewed by S. N. VAN Vooruis, Massa- 
Institute of Technology, Lincoln 
Lexington, Massachusetts 


chusetts 
Laboratory, 


concel ned 


This book Is 
with the undesired portion of the out- 


primarily 


put signal of a vacuum tube or other 
device, which arises from fluctuation 


phenomena of one sort or another. 


Application of the 
these phenomena is well established by 


term “noise” to 
usage and has an origin obvious to any- 


one who has ever connected a loud- 
speaker to the output of a high-gain 
amplifier. The book is concerned for 
the most part with noise phenomena in 
vacuum-tube circuits covering the en- 
tire range of frequencies from very low 
up to the microwave range. There is, 
in addition, a fair amount of discussion 
of the and 
other solid-state devices. 

The study of fluctuation phenomena 


and their role as a limit to the possible 


properties of transistors 


precision of any measurement process 
has been a comparatively recent de- 
velopment, starting toward the begin- 
ning of the century. It is 
notable that many of the workers in 
this field have come from the Nether- 


present 


lands. Perhaps one may draw some 
connection between the skill and pa- 
tience required to conduct measure- 
ments at high precision and a study of 
the limitations of such measurements. 
Be this as it may, the study has pro- 
ceeded until the subject is now on a 
This 


present book is a worthy member of the 


fairly well understood footing. 
line. It is a thorough-going treatment 
of the subject and definitely is not 
popularized for the lay reader. 
Chapter | is introductory in nature, 


laying the groundwork for the general 


nature of the topies to be considered 
and introducing certain fundamentals 
of probability theory, correlation, Fou- 
rier analysis, 
Chapter 2 introduces the topic of ther- 
mal noise, as given by Nyquist’s theo- 


and complex notation. 


rem, and goes on to generalize this for 
the case of circuits not at a uniform 
temperature. Further applications are 
then noted on the noise properties of 
various microphones. Chapter 3 con- 
tinues the study of noise, bringing in 
the shot effect and Schottky’s theorem 
and showing the interrelationships be- 


tween these and Nyquist’s theorem. 
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The concepts of noise figure of a circuit | 


and equivalent noise resistance of a 
vacuum tube are introduced. Expres- 
sions are given for the noise figure of 
the 
radio- 
Chapter 
tis concerned with experimental meth- 
Am- 
plifiers and detectors are first taken up, 
the 
including 


networks in cascade. Finally, 


influence of these topics on 


recelvel design IS considered. 
ods used in noise measurement. 


followed bv Various sources of 


noise, temperature-limited 
diodes and fluorescent or gas-discharge 
noise sources. Various measurement 
procedures are given in fair detail. 
detailed 


phenomena — in 


Chapter 5 begins a con- 


sideration of noise 


vacuum tubes. It is concerned with 


noise effects at low frequencies, that is, 
below perhaps 5 Ne sec, First, two- 


electrode tubes or diodes are con- 


sidered; both the condition of tempera- 
ture limitation and of space-charge 


Next, the case 
Following 


limitation are studied. 


of triodes is considered. 
this, the topic of partition noise and its 
influence on the noise properties of 
Finally, 
the modifications of these results due to 


multigrid tubes is considered. 


the phenomena of secondary-electron 
emission are noted. Chapter 6 con- 
tinues the topic of tube noise up into 
the region of high frequencies. It is 
concerned with diodes and triodes of 
the conventional type. Chapter 7, en- 
titled Practical Low Noise Circuits, has 
to do with the application of the funda- 
mental phenomena just studied to the 
design, construction, and adjustment 
of circuits having low noise properties. 
The various types of triode circuits, 
grounded cathode, grounded grid, and 
grounded plate, as well as combinations 
of these, are considered. 

In chapter 8, 
conductors and Their Noise Properties is 


the topic of Semi- 
introduced. The chapter begins with 
a brief resume of the pertinent parts of 
solid-state theory and goes on to a 
description of the construction, general 
The 


phenomenon of excess noise is then de- 


properties and use of transistors. 


scribed as it occurs in semiconductors, | 


in contacts or carbon microphones, in 
carbon resistors and thin metal layers. 
The existence of a 1/f law for this noise 
as well as for flicker noise in vacuum 
tubes is pointed out 


planation of this 1/f law is also given. 


Here the author has not hesitated to | 


plunge into a part of the field that is 
still under very active work, running 


the danger thereby of having generally 


ieccepted ideas changed on him in ecom- 
paratively short time. 


Chapter 9 is concerned with the noise 
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Start your lifetime career in 


ATOMIC POWER 


at 


Westinghouse 


The Westinghouse Atomic Power Division is operating a new 
plant on the outskirts of Pittsburgh, Pennsylvania. Laboratories 
are completely new. Equipment is right up to the minute. Atomic 
energy will be explored here as a source of power for transportation 


and industry. 


Westinghouse is now searching for men who can use these tools 


and opportunities ... 
atomic power work .. . 


who want to build a LIFETIME around 
who want to get in while this great new 


industry is still on the ground floor. 

As the exciting new potentials of atomic power reveal them- 
selves, we expect the men we employ to provide the nucleus 
around which this new Division will expand. 


Atomic Power Opportunities are waiting Now 
for Engineers with this kind of experience: 


FOR MECHANICAL ENGINEERS 
Design and application of high pressure 
piping and systems, heat transfer, 
rotating machinery, general steam 
apparatus and steam power systems, 
fluid flow, heat balance, valves, me- 
chanical and hydraulic devices and 
mechanisms. 


FOR ELECTRICAL ENGINEERS 
Design, development and application 
of switchboards, regulators, motor con- 
trollers, process regulators, indicators 
and control devices for temperature, 
pressure and liquid level, servo-mech- 
anisms, electrical and mechanical 
systems. 


FOR CHEMICAL ENGINEERS 
Design and operation of chemical 
process plants, design and application 
in plant control instrumentation, hy- 
draulic systems, heat transfer, corro- 
sion, ion exchange, thermal insulation 
plant construction and pilot plant de- 
sign and operation. 


FOR PHYSICISTS 
Basic reactor physics, reactor design 
and analysis, control systems, and ex- 
perimental testing. 


MANY 


FOR CHEMISTS 


Physical chemists for reaction ratio 
and mechanism studies, radiation 
chemists, nuclear chemists, radio 
chemists. 


FOR METALLURGISTS 
Applied research and development on 
reactor metals and components— pow- 
dered metallurgy and physical metal- 
lurgy. 


Every fourth person now at the Plant 
is an engineer or scientist, and over 
half of its executives are engineers. 


SALARIES 
Open. The Westinghouse Atomic Power 
Division wants good men. Attractive 
offers will be made based on experience 
and ability. 


LOCATION 
Approximately 12 miles south of Pitts- 
burgh, Pa. No traffic problem if you 
live in this general area. Many homes 
available and under construction. Good 
shopping and suburban area. 


EXTRAS 


In addition to good pay. Investigate! + low cost life and sickness 
insurance with hospital and surgical benefits » modern pension 
plan « opportunity to acquire Westinghouse stock at favorable 
price « privilege of buying Westinghouse appliances at discount. 


Only citizens of the United States need apply. Please send a complete resume to: 
Mr. C. F. Stewart, Atomic Power Division, Westinghouse Electric Corporation, 
P.O. Box 1468, Pittsburgh 30, Pennsylvania 
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The new Phil-Trol 6QA Relay has 
found wide acceptance in a variety 
of products because of its extreme 
compactness, capacity and excep- 
tional sensitivity. 

The 6QA is only 2%" long, yet it 
provides large cubic area for wind- 
ing (maximum 20,000 ohm coil). 
Armature ratio and electro magnet- 
ic features assure high sensitivity. 
Phil-Trol 6QA performance equals 
that of larger telephone type relays. 
Its construction makes possible 
mounting and wiring from under 
the chassis, using less space and 
saving assembly time and costs. 
For added convenience, the 
Phil-Trol 6QA Relay is available 
with a plug-in adaptation for use 
in panels and annunciator racks. 


Phil-rol 


1S THE REGISTERED TRADE MARK OF 
PHILLIPS CONTROL CORP., JOLIET, ILLINOIS 
a THOR CORP. SUBSIDIARY 
OFFICES IN ALL PRINCIPAL CITIES 








PLUG 


IN 


DUST COVERED 


TYPE 6QA 


1} 
U 


MOUNTING HOLES 
6-32 NC. THREADS 


PHILLIPS CONTROL CORP., DEPT. N, JOLIET, ILLINOIS 


Please send me a free copy of the new Phil-Trol Relay and Actuator i 


Catalog. 

Name Title 
Company 

Address 


City = Zone ___ State 


——— ee 


(Quick Acting 
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properties of mixer tubes and circuits. 
The various types of specialized vac- 
uum tubes for mixer service are first 
considered, after which diode mixers, 
both vacuum tube and crystal, are 
studied. (Questions of image frequency 
response and of noise contributed by 
local oscillators are then touched upon. 
Chapter 10 takes up in a rigorous 
manner the effect of feedback on the 
noise property of circuits. Chapters 
11 and 12 are mathematical in nature, 
covering, respectively, certain topics in 
statistical methods and methods of 
Fourier analysis of fluctuating quanti- 
ties. Chapter 13 then goes on to a 
study of noise in detector circuits, in- 
cluding quadratic detectors, linear de- 
tectors, and phase sensitive detectors 
In Chapter 14, the behavior of vacuum 
tubes is attacked with yet another 
degree of rigor, taking advantage of all 
The Llew 
ellyn-Peterson equations and the theory 
of Bakker and deVries are then in- 
troduced 

Chapter 15 then takes up the subject 


of space-char ge waves inelectron beams 


the previous developments. 


and indicates how the noise property 
of various velocity-modulation tubes 
may be attacked. Finally, Chapter 
16 gives some fundamental considera- 
tions concerning noise in physical 
instruments. 

In summary, it may be said that this 
seems to be a very worthwhile book. 
It covers a quite wide range of topics 
and there certainly has been no effort to 
spare the rigor. The reader who is not 
a specialist in the field may find the 
going somewhat tough at times. If, 
however, he gets through, he will be 
rewarded by a thorough knowledge of 
the subject. Many of the measure- 
ments cited in the book are made on 
European types of tubes. If this were 
a cookbook type of text aiming to give 
specific details for the construction of 
definite circuits, this feature would be a 
disadvantage. However, as indicated 
above, the approach is one of going to 
fundamentals, which are the same no 
matter what the label on the vacuum 
tube. The book should prove to be a 


useful one. 


BOOKS RECEIVED 


Feedback Control Systems, by Gilbert 
H. Fett, Prentice-Hall, Ine., New York, 
1954, ix + 361 pages, $10.00. (To be 
reviewed. ) 

Biological Effects of External Radia- 
tion (National Nuclear Energy Series 
vi-2), edited by Henry A. Blair, 
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Book Co., Ine., New 


SOS pages, $7.00. 


Atomic Energy and its Applications, 
J. M. A. Lenihan, Pitman Publish- 
ng Corp., New York, 1954, xiii + 265 


ves, LOO To he revue wed.) 


Rare Metals Handbook, edited by 
Clifford A. Hampel, Reinhold Pub- 
Corp., New York, 1954, xii + 


res, SL2Z.00 To be revue wed.) | 


The Microphysical World, by William | 
Wilson, Philosophical Library, New 
York, 1954, v + 216 pages, $3.75. 
Written for the layman, this book 

describes the development and present 
knowledge of microphysical 
principally relating to the 


d atom and their constit- 


ALSO OF NOTE 


Atomic Energy——A Survey. Published 
for the Atomic Scientists’ Association, | 
it, Editor, this 71-page book | 

lectures given at the Uni- 

London in 1954. The lee- 

{tomic Energy Research at 

J. D. Cockeroft), Atomi 

O. R. Frisch), Power fron 

nergy (F. KE. Simon), Radta- 

rds of Atomic Energy (3. ¥ 

lical Uses of Atomic Energy 

chin), and Atomic Energy 

Issues K. Lonsdale ; 

& Francis, Ltd., Red Lion Court 
London, E.C.4, 80.70 (paper- 


$1.00 (clothbound > 


The Nation Looks at Its Resources. 
rt covers the Mid-Century 
on Resources for the 

ld in Washington, D. C., 

ch explored factors under- 
mounting pressure on oul 
urces Problems discussed 

id utilization, water resources 
materials, energy (including 
rgy), world resources, and 
Resources for the Future, 
146 19th St., N. W., Washington 6, 


(Ht) 


Correlation Chart of Uranium Bearing 
Minerals, This 52 X 32 in. chart, 
ntaining over 160 uranium-bearing 
is divided vertically into 

radical columns and _ hori- 

nto chemical-element bands. 

ition characteristics are given 

each mineral. Colorado School of 
Vines Research Foundation, Ine.. 


Golden. Colo.. $5.00. 


Vol. 12, No. 12 - December, 1954 


RESEARCH. 


f energy 


ar high performance engineering 


On request: ‘Collected papers on Atomic 
Power for Civilian Use.’ Write on your 
company letterhead to 


NUCLEAR DEVELOPMENT ASSOCIATES, INC 
78 Grand Street, White Plains, New York 
WHite Plains 8-5800 


master-slave manipulators 


for radioactive materials, 
explosives, chemicals 


Master-Slave Manipulators produced by 
Central Research Laboratories handle radio- 
active materials, explosives, hazardous chem- 
icals and biological materials through or over 
a protective barrier. 

Natural motions of hands at the master end 
are copied identically at the slave end. If op- 
erations are repetitive, specially designed 
tongs can be supplied to increase speed and 
ease of operation. Special slave ends can be 
supplied to increase the mechanical advantage 
of the grasping or holding action. 

Operators require practically no training 
period to become fully competent. A remark- 
able “‘sense of feel’’ is maintained in all mo- 
tions. Operator can adjust handles to fit his 
hands comfortably. 

Developed from basic designs of the Re- 
mote Control Engineering Division at Ar- 
gonne National Laboratory, all components 
are precision made from finest materials for 
dependable performance 


For complete information, Y 


Dept. 201—Red Wing, Minnesota laboratories. inc 
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OPTICAL SYSTEMS 


INDUSTRIAL 
PERISCOPES 





“KOLLMORGEN , 
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DESIGN 
DEVELOPMENT 
MANUFACTURE 








é 


For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering “know- 
how”, the design personnel and 
the manufacturing capacity to 
help you solve your optical 
problem. 


KOLCMORGEN @ 


(fotical ewe POR aTion 


Plant: 347 King Street »« Northampton, Mass. 
New York Office 
30 Church Street 
New York 7, N.Y. 





TECHNICAL ADVANCES 


New Tracer: Tracers are now available for every element. 
Aluminum-26 Aluminum, which has but one stable isotope, Al*’, 


was long thought to have only short-lived unstable 
isotopes too, making Al inaccessible for tracer studies. Now Carnegie Tech 
radiochemists, led by Truman Kohman, have uncovered the true ground state of 
eyclotron-produced Al*® and find that it has a half-life of about 10° yr and emits 
positrons of approximately 1 Mev energy followed by a 1.83-Mev gamma ray. 
Extent of practical tracer use will depend on quantities of Al*® that can be 


produ ed 


Cold Neutrons and New understanding of the solid state of matter may 
Lattice Vibrations result from an experiment on the thermal motions of 

atoms in a solid that is just getting under way at 
Brookhaven. Cold neutrons (£ 0.001 ev, AX 10 A) will be directed at a 
single-crystal sample and, being so slow, will gain energy in collisions with the 
vibrating atoms of the crystal lattice. The energy spectrum and angular dis- 
tribution of the emergent neutrons will therefore reflect the energy distribution 
of the atoms in the crystal. This problem has been investigated theoretically 
starting with the work of Einstein and Debye at the turn of the century, but past 


experimental approaches have not been as direct as the present one. 


“Molecular “Molecular Sieves,”’ Linde Air Products’ new syn- 
Sieves”’ thetic zeolites, offer impressive adsorption properties 
and selection of adsorbed molecules according to size. 
Chemically the zeolites are crystalline hydrous silicates quite similar to many 
natural clays and feldspars. When the water of hydration is driven off, the 
crystal does not collapse or rearrange; rather it remains unchanged, yielding a 
structure with many small (10 A diameter) cavities connected by still smaller 
pores, both extremely uniform. The pores are 4 A in diameter in one type, 5 Ain 
inother, and only molecules that can pass through can be adsorbed. Thus 
molecular sieves can grade molecules according to size: for example, straight- 
chain hydrocarbons like n-hexane will be adsorbed, but not wider branched-chain 
isohexane, no! cyclic hydrocarbons like cyclohexane and benzene. 
These new synthetic zeolites also show a marked affinity for chemically un- 
saturated molecules and fo polar molecules. This last property helps make it 
in excellent dessicant that can also be used to dry organic liquids. Adsorption 


capacity is high at low concentrations and at high temperatures 


Storing] Radiation effects are “‘put on ice” ina polymerization 
Radiation Effects experiment that R. B. Mesrobian and coworkers from 

Brooklyn Polytechnic and Brookhaven are conduct- 
ng They irradiate acrylamide and related monomers with Co® gamma rays at 
temperatures so low (—18° C) that the radicals formed are trapped. No poly- 


merization takes place until the sample is brought to room temperature, when 
ymerization proceeds rapidly, heating the sample until it explodes. 
Basie mechanisms are not understood. Puzzling is why samples stored at 
1° C after irradiation at — 18° C do not polymerize even with the passage of weeks 
though irradiation at 4° C produces partial polymerization. Intriguing is the 


possibility of using this stored irradiation energy 


New Pulsed Ion pumps, which ionize the residual gas and sweep it 
Neutron Source out in a collimated plasma discharge, have shown 


promise as high-vacuum pumps. Now they emerge 
na new guise: Livermore researchers E. F. Martina and V. J. Ashby have tuken 
iivantage of the low pressures and high currents of lon pumps to concoct a 
pulsed neutron source. 

The ion pump is fed deuterium gas. A 200-kv accelerating potential, pro- 
ided by a pulse generator, deflects deuterium ions in the plasma onto a deuterium- 
oaded target inside the pump body Neutrons are produced in the ensuing d-d 

reactions. Improvements underway, including use of the d-t reaction, point to 


10° 14-Mev neutrons per 10~°-see burst, 10 bursts a second, 10% energy resolution 
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Providing unequaled scale visibility due to wrap- 
around windows, the same rated accufaty of 0.5% 
and the same efficient shielding of all other instru- 
ments in this famous line, these three new additions 


make the 901 group the most 
precision portables available. Complete 


tions and prices available in bulletin form, or from. ewe 


the WESTON representative in your vicinity . 
WESTON Electrical Instrument Corporation, 614 
Frelinghuysen Avenue, Newark 5, New Jersey. 


Want more information? 





\7 
new “\~ 
Ndditions 


to this comprehensive line of 


MODERN PRECISION PORTABLES 


WESTON 901 LINE 
D-C 

© Voltmeters 

© Volt-Ammeters 

© Ammeters 


@ Milliammeters 


A-C 

© Voltmeters 

© 8 Range Voltmeters** 
© Ammeters 

e 7 Range Ammeters * 
@ Milliammeters 


A-C and D-C 
single-phase Wattmeters 
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INDUSTRIAL APPLICATIONS. 


Summary of Beta-Gage Process-Control Experience” 


I rm and first 7 {pe f () 


jear Of use ite 
Congoleum- Linoleum | 
Nairn, 1950 
Hood Rubber fubber-and B 
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Crates Rubber Pubbe r-c¢ 
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Firestone Rubberize 
Tire and Rub- fabric 

ber Co., 1951 


A Canadian rub- Rubber 


ber co., 1952 

Adhesive 
pital supplies, tape 
L951 


A maker of hos- 


Bird and Son, 


Ine., 1051 


Canadian Indus Vinyl plast 
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tries 
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paper manulac 
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* Compiled by N.S. Fost ( 
Industry, October, 1954 

t These firms are using 


Beta-Gage Performance 


Process-control experiet es 
gages are presented in the ta 
page. Quality-control 
has been consistently obtains 
Deviation from st 


these gages. 
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Radioisotope Versatility 
Versatility of radioisotopes was em 
» zed at panel recent held by 
the Nation Industrial Conferen 
Boa | The Waves n | the 
lowing companies are profit isin 
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radioactive material in their routine 


work were presented. 


Hercules Powder Co. uses isotopic- 
dilution analysis for penta-erythritol. 
Method is based 
tivity measurements of the C'*-labeled 


on specific ac- 


compound. 


John Labatt, Ltd. (Canada) makes 
pipe-line 
steam-jacket 


wide use of radioisotopes: 


weld inspection; cor- 
rosion inspection; storage-tank level 
source in beer 


indicator; and as 


pasturization study. Firm has used 
isotope Ss 
encased radiant heating system. 

Dominion Rubber Co. (Canada) 
uses thickness gages because rubber is 
difficult to 


contacting 


accurately by 
Mere 


yresence of a thickness recorder greatly 
| 3 


measure 
methods. physical 


improves operator performance. 


Proctor and Gamble Co. analyzes 
triphosphate and pyrophosphate 
dilution, C4 sfor 


detergent wash tests, and detects de- 


101 
by isotopic uses 
tergents’ reactions with cloth by using 
isotopes. Another use is liquid-level 


gage in high-pressure container. 


Aluminum Company of America has 
received about 82 isotope shipments 
Na, P, Ca, and K analysis 
29); cutting-tool wear in- 


for use in 
sec page 
vestigation: metal flow tracer during 
extrusion; effects of Hg on Al corrosion; 
mec hanism of anodic oxidation; auto- 
radiography for locating Cr and Na 
in Al alloys 


evaluation 


- and in lubrication additive 


Ontario Paper Co. Ltd. (Canada) 
has traced 


making machine using tagged fibers. 


material flow on a paper- 


VICTOREEN POCKET DOSIMETERS 


for locating leak in concrete- | 





Thickness-gage and laboratory meas- 
urements along paper profile have been | 
compared. Mechanisms of pulping | 


are now being studied with S** tracer. 
Gamma gages are used for inspecting 


digestors and digestor linings. 


Wyandotte Chemicals Corp. uses | 


C' in testing detergents, particularly 
Methods 


of cleaning metal before plating have 


on soil redeposition studies. 


been evaluated. 


Gulf Research and Development 
Co. used cyclotron-produced V in 1941 


to follow flow in porous media. It 
also made an early study of well 
cementing. The mechanism of the | 
Fischer-Tropsch reaction has also | 


The firm supplies 
labeled insecticides for biological work. 
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DIRECT READING CHAMBERS 


Obtain a roentgen reading of accumu- 
lated radiation in a space of a few 
seconds with direct reading pocket 
chambers. Used increasingly by the 
scientist, radiologist and technician, 
only this type of unit gives im- 
mediate, on-the-spot reading of 
exposure. It is especially suited 
for those working continuously 
with larger sources of radiation. 
Chambers are charged by in- 
sertion in the battery-charger 
unit, Model 561, shown. 






















FEATURES: Accuracy ... 5% Full 
Scale * Hermetic Seal * Built 
To Military Requirements For 
Temperature, Accuracy, Drop- 
Testing * Linear Scale * 






Maximum Leakage...2%. 24 —_ 

hrs. * Energy Dependency -_ VE 
-. ~— 10% of True Dose _— 

from 0.08 to 2.0 Mev * | AST EXPENS! 

S6se . Ya" x 4”, LE 


INDIRECT 
READING 
CHAMBERS 


Victoreen Chambers 
accumulate roentgen 
exposure while worn. 
Dose or exposure is read 
daily on the charger-reader 
unit, Model 287 Minometer, 
and recorded, After reading 
the dose, the pocket chamber 
is readied for re-use by re- 
charging with the charger- 
reader unit. 


The two-to-three week delay in 
obtaining readings, inherent with 
film badge use, is eliminated. One 
year's rental of film badge service 

for 6 persons exceeds the cost of 
outright purchase of a Minometer and 
six chambers. 


























MODEL| RANGE CHAMBERS SIZE 

362 0-0.2r POCKET CHAMBER | 542" x 2” 
*239 0-0.01r | STRAY RADIATION | 412” x 2” 
*208 | 0-0.001r| STRAY RADIATION | 64%,” x 41.” 
* 1/16" bakelite wall 


Medical Instruments Division 





5806 HOUGH AVENUE @ CLEVELAND 3, OHIO 
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FOR SCINTILLATION & 
PROPORTIONAL COUNTING 


NON-OVERLOADING LINEAR AMPLIFIERS 


Models 107 
& 107P 
Gain 40,000, 
continuously 
variable 
Rise 0.2 
rose 
Accept + and 
pulses 
TREMENDOUS DYNAMIC RANGE Exceeds 1,000,000 

(0.1 mv to 100v) 
Based on improved Chase-Higinbotham design. 
Excellent linearity for small pulses in the presence of 
tremendous overloads that paralyze other amplifiers 
PULSE HEIGHT SELECTOR (Supplied only on Model 
107P)—Precision trigger-type. 


PRECISION HIGH VOLTAGE SUPPLIES 


mic- 








Model 515 
(Positive and 
Negative) 





@ 500-1500 volts, 1 m.a. (2 m.a. to IKY 

@ Continuously variable 

@ Polarity switch makes this highly regulated 
upply equivalent to two separate precision 
mstruments 

@® Drift less than .010% over several hours; les 
than .02% per day. Regulation .0002% ees 
% change in line voltage for line voltages be 


140 


tween 70 and 
voltage 


divider me esistors) for 


@® Precision t 
precise reading of output voltage 
© 44” panel meter. Dual teflon output con 
nectors 
Model 107 Amplifier $545.00 
Model 107P Amplifier (includes pulse 
height selector) $595.00 
Model 112 Amplifier (gain of 1000) $350.00 
Model 40! Mercury Pulse Generator $145.00 
Model 515 HV Supply (500-1500 volts) $385.00 
Mode! 540 HV Supply (1000-4000 volts) $535.00 


(prices FOB Silver Spring) 


RADIATION INSTRUMENT CO. 


P.O. BOX 733 SILVER SPRINGS, MARYLAND 





SCALER ANALYZER 
Model 577 





KNOW NO 
YOUR MORE 
SCALER! ? 


Measures Scalers as follows: 


@ Sensitivity—1 millivolt to 1 volt in three decade 
ranges 
@ Resolving Time—! to 100 microseconds in two 


decade ranges. Employs double pulse generator. 


@ Counting Rates—Supplies evenly spaced pulses from | 


10,000 cps, 20,000 cps with double 
The unit also supplies pulses at 
location of 


60 cps to 
pulse generotor 
approx. 3 cps which enables visual! 
defective scaling stages 

@ Combinotions—The mode! 577 is so arranged that 
all possible combinations of the above can be 
obtained 


Write for further information 


NUCLEAR SPECIALITY CO. 
Center Moriches, N. Y. 
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DEPTH-PENETRATION detector suspended 


in well 


Measuring Depth 
Penetration of Bullets 

in Subsurface Formations* 
well casing or pipe 


of bullets 
wall in radial direc- 


Gun-perforating 


firing number 


involves 
through the casing 
tions from the well bore and into the 
subsurface formation. Although the 
bullet’s depth of penetration into the 
formation affects the well’s produc- 
tivity, its determination is on a more 
Ol less guesswork basis. 

In U.S. Patent 2,685,038, Robert L. 
Hoss deseribes a method for accurately 
determining the depth of penetration 


jby putting a controlled amount of 
radioactive material in a capsule 
within the projectile. The depth of 


then determined by 


measuring the radiation intensity at a 


penetration is 


point within the well bore. 

The measuring instrument is lowered 
into the well bore by means of a conduc- 
tor 
centered by bowed springs. 


The instrument housing is 
Mounted 
within the lower portion of the housing 


{ able 


is a G-M counter or ionization cham- 


this issue 


ber. To confine the radioactive emis- 
sions to a single horizontal plane, the 
detector is shielded by lead sleeves o1 
spaced apart to provide an 


A recording device 


collars, 
annular entry slot. 
is located at the upper end of the con- 
cable. The magnitude of the 

is inversely proportional to 


ductor 
current 
the distance of penetration. 


Alpha-Ray Tachometer* 


Shaft rotation or the degree of vibra- 
tion or strain of a material is measured 
in many cases by specially constructing 
shafts or moving members with projec- 
tions that disturb a magnetic field or by 
using a mirror, light source, and photo- 
electric tube system. 

A method developed Herbert 
Friedman, described in U.S. 2,683,813, 
to 
interference with the 
A small amount 


by 


radioactive material greatly 


uses 
decrease system 
under measurement. 
of radioactive material, e.g., polonium, 
immersed in a binder such as dilute 
collodium is painted on the object to be 
tested. 

As an example, a G-M tube is placed 
opposite a rotary shaft on which is de- 
When 


the source is at the position closest to 
the tube, tube current is at the maxi- 


posited the radioactive source. 


mum; at the source position farthest 
from the tube, no energy is detected 
since it is blocked by the shaft. The 
G-M output pulses are rectified by a 
diode, filtered, and fed to a constant- 
width pulse generator, e.g., a single- 
shot multivibrator. An 
circuit coupled to the multivibrator 


integration 





Rotat ng 
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SHAFT-ROTATION counter uses G-M tube 


output develops a d-c voltage equal to 
the average multivibrator pulse output. 
A d-c indicating device can be calibrated 
in rpm. 

For good definition, a masking ele- 


* Description based on abstract furn- 
ished by Melvin Nord, Registered Pro- 
fessional Engineer, Patent Attorney, De- 
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ment having a series of apertures Can be 


placed between the detector and the 
source. For measuring high speeds, 
the G-M tube is preferably operated in 


the proportional region. 


In place of the G-M tube, a phosphor | 


screen, e.g., zine sulfide, can be used for 
ilpha emitters. The light can be re- 
ceived directly or focused by a lense on 
, phototube 

To indicate strain on a flat plate or 
bar, several areas of radioactive mate- 
ial can be painted on the plate and a 
mask placed between the detector and 
plate. If under no load the radioactive 
ireas are completely screened by the 


mask, a slight movement of the surface 


up or down brings the radioactive areas 


over the mask apertures 


AEC Patents 


THE FOLLOWING PATENTS are available 
from the AEC for licensing, ordinarily 
on a nonexclusive, royalty-free basis. 
The deseriptions are based on abstracts 
furnished by the Index of Inventions, 
maintained by the Government Patents 
Board, Washington, D. C 


Recovery of heavy water from re- 
acted solutions thereof (2,681,883), 
C. F. Hiskey—Heavy water is _ re- 
covered from uranyl fluoride solution 

distilling heavy water in presence of 


uranium trioxide. 


Compounds of the element americium 
2,681,923), L. B. Asprey, R. A. Penne- 
man, S. ke. Stephanou—Americium of 
oxidation state less than six is treated 
in O0.3M > perechlorie acid with excess 
soluble peroxydisulfate, yielding oxida- 


tion state of six; insoluble sodium 
americyl acetate, formed by adding 
sodium acetate, is recovered. 


Shipping container for radioactive 
material (2,682,352), M. B. Hawkins, 


Kk. R. Tompkins—Container can has 
dust-tight sealed cap to prevent escape 
of radioactive materials while per- 
mitting escape of gases, which may be 


produced during neutron treatment. 


Means are provided for shearing cap. 


Electronic controlled pumping system | 


) 


2,682,364), D. S. Schover—In toepler- 


type gas-pumping svstem, electronic 
means e provided for alternately 
evacuating and applying pressure. 

Still (2,682,451), R. J. Schmidt, S. 


Rosenfeld— Distillation apparatus is 
useful in production and purification of 


uranium chlorides. 
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handling — 
Hazardous Materials” 


Send for this 
free book explaining 


ACIBIR Kh, 


for your 
Kelelel aot iel ag 





The C-B-R System—Chemical, Biological, Radiological 
—is Kewaunee’s latest contribution to safety, convenience, 
efficiency and economy in the laboratory handling haz- 
ardous materials 

Based on the watchwords “concentrate-confine”, it 
provides vital protection to technicians and other labora- 
tory personnel, whether the materials handled are in the 
field of isotopes, explosives, solvents or toxic materials 





Ss 

It provides remarkable flexibility and operating economy The Kewaunee "CBR Twosome” 
It assures outstanding efficiency and convenience 

And it’s all explained in the new free book “The CBR 
System by Kewaunee.” So if your laboratory is handling 
hazardous materials of any kind, we invite you to send 
for this book today. It’s yours for the asking—and there's 
no obligation 


J. A. Campbell, Aewaunce Mf 


5083 S. Center Street + Adrian, Michigan 





Representatives in Principal Cities “Single Unit" for remote control 
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CARBOLOY. HEVIMET 
Gives 40% more gamma ray 
protection than lead 


For any application requiring 
shielding against radioactivity, 
Carboloy Hevimet combines ex- 
cellent machinability with maxi- 
mum density and minimum space. 


Hevimet has a density of 17.0 
gm/cm* (lead is 11.4). It is di- 
mensionally stable, nonporous 
and easily joined; has relatively 
high compressive and _ tensile 
strength. 


Carboloy Hevimet is available 
in two grades, in many sizes and 
shapes. Write today for free new 
Technical Report. 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11130 E. 8 Mile Street, Detroit 32, Michigan 


“Carboloy”’ is the trademark for products of the Carboloy Department of General Electric Company 











Rapid Electric Co. makes Bench 
Selenium Rectifiers in 18 standard 
models--each covering a different 
DC output range and each com- 
pletely portable. You buy the model 
that exactly fits your needs. If one 
of our standard models can’t do the 
job, we can design and build special 
equipment that will. 





THE NAMEPLATE THAT MEANS "AMlose [ure + Ure 


There's a 


RAPID Bench Rectifier 
for YOUR application... 


ALL Rapid Rectifiers require no 
warmup, no maintenance, have long 
life even in continuous full load 
service, are easy to operate; with 
regulation, ripple and efficiency to 
meet your specifications. Cost is 
low, too—prices start at $79.50 with 
full controls. 
Write for Catalog S. 
ig 






RAPID ELECTRIC CO. 


2879 MIDDLETOWN ROAD, NEW YORK 61, N.Y. 
Phone: Talmadge 8-2200 





68 Want more information? 


Use post card 


nsert in this issue. 


LETTERS 


Amplifiers: An Amplification 


DeraAR SIR: 

The titled Nu- 
clear Instrumentation” by Denis Tay- 
lor (NU, Oct. *54, p. 12 
On page 15 there is a discussion 


article “Trends in 
contains an 
rerror. 
of the effects of high counting rate on 
resolution in linear amplifiers. It is 
correctly stated that J. E. 
R. Bell and G. 


}oped a double line amplifier to mini- 


Francis, P. 


G. Kellev have devel- 


mize the effects of high and variable 


counting rate. However, it is impor- 
ltant that the first such amplifier at 
Oak Ridge was developed by Edward 
Fairstein. 


The article then goes on to state that 


| Dr. Sorkowski showed some. results 
i from the double line amplifier devel- 
oped by Francis, Bell and Kelley. 


Actually the data given were taken by 
Fairstein on the amplifier developed 
by him. Fairstein’s amplifier is a very 
and he should get 


credit for it. 


good one proper 


—P. R. BELL 
Physics Division 


National Laboratory 
Oak Ridge, 


Oak Ridge 
Te nnessee 


An “Editorial” Transfer 


Dear SIR: 

Concerning *‘A Gamma-Ray Source 
'for Sterilizing Insects” by Darden, 
Maevens, and Bushland (NU, Oct. 754, 
p. 60), this article appeared as though 
the work were all done in the biology 
division, Oak Ridge National Labora- 
tory, and that Dr. Bushland had been 
with us but now left the division and 
gone to the U. 8. Department of Agri- 
culture in Kerrville, Texas. Of course, 
this is This 
tion hetween the 
USDA 
Bushland 


entirely false. contribu- 
a joint effort 


the 


Was 


biology division and con- 
ducted at long range. Dr. 
has been the leader in the insect work 
his USDA 


throughout working at 


laboratory. 


C. W. SHEPPARD 

Assistant Director, Biology Division 

Oak Ridge National Laboratory 

Oak Ridge, Tennessee 

NucLeonics offers its apologies for 
wis c 

an editorial error. The ahove letter sets 

the affiliations straight. 


ORNL Research Reactor 


DEAR SIR 
I appre opportunity of 
having my High Per- 
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inted the 
article ‘‘A 











formance Research Reactor” appear as 
an article in the September issue of 
NUCLEONICS 

In the submitted article, no mention 
was made of the fact that a research 
reactor was to be constructed at Oak 
Ridge National Laboratory. But, con- 
trary to the objective of the article, 
statements were made, under ‘Late 
News and Commentary” that the de- 
tails of the new Oak Ridge Research 


Reactor design are given in the above | 


mentioned article 

Since the reactor to be constructed 
at ORNL does not resemble the reactor 
1 deseribed, the statements have 


pil 


proved to be embarrassing to myself, 
the Labor itory and the AEC. 

Josepx P. GILn 

Reactor Experimental Engineering Div. 


Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 


The following excerpt from a letter 
from T. E. Cole, head of the ORNL 
group designing the reactor for which Mr. 


/ 


Gill is project engineer, should clarify 
the situation 
The confusion between the two reac- 
to } inde rstandable die to the fact that 
the news release on ORR came at about 
the same time you were working up the 
article written by Mr. Gill. The rela- 
tionship between the two facilities is as 
fo ows: ORNL has for several years 
been doing preliminary design on a reac- 
tor for general research use here at the 
thoratory: the desiqn Mr. Gill described 
at the Ann Arbor meeting represents the 
design as it stood during one vhase of 
t/ preliminary work. The reactor de- 
rihed 7s adn trably suited to basic re- 
type work but does not meet the 
CMLONTS of flexibility imposed by 
the Wey aried programs al ORNL. 
The reactor we pro pose huilding at the 
thoratory di fhe rs considerably from the 


hed by Mr. Gill.” 





FOAMGLAS insulation, 2 in. thick, covers 
the 138,000 ft? surface of the 225-ft-diam 
airtight sphere to be used near Schenectady | 
for testing STR-1 


| 
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‘The Berkeley 1c 
ym AT 
pECc Scaler, Mode! 2020 


Becaetey 
recoetet 6. Tae 
~~ = 





Check These Important Features 
of Today’s Most Versatile Scaler! 


Te input AMPLIFIERS of separate subchassis construction provide input sensitivities — 
of (1) 0.2 volt, or (2) 1 millivolt. 


2. AMPLIFIERS are long-tailed pair non-overloading type. 
Be CALIBRATED 10-TURN DISCRIMINATOR CONTROL from +- 5 to +- 50 volts. 
4. input setector for 60-cycle test, G-M or amplifier with nine-step attenuator. 


5. STABLE 60-CYCLE 500 to 3,000 HV SUPPLY with coarse and fine controls, HV 
meter with antiparallax mirror. (5,000 v. on special order). 


6. ELECTRICAL RESET OF REGISTER, TIMER AND CIRCUITS with single-lever switch; 
provisions for remote start, stop and reset. 


Ze PRESET TIME: 0.1, 1, 10, and 100 minutes X1, X2 and X4. 
8. PRESET COUNT: 100, 1,000, 10,000, 100,000 or 1,000,000 counts X1, X2 and X4. 
9. DIRECT-READING DECIMAL COUNT. 


10. MODULAR CONSTRUCTION FOR COMPLETE FLEXIBILITY... amplifiers and regis- 
ter-timer assemblies are of separate subchassis construction; may be ordered 
in several combinations to meet special requirements. 


Write today for literature and complete technical data; 
please address Dept. E-12 





Berkeley Mg 


BECKMAN INSTRUMENTS INC. 


2200 WRIGHT AVE., RICHMOND, CALIF. 
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NEWS 


United Nations Gets Details of Atom Pool Proposal, Promises for Fissionable Materials; 


Soviet Union, India, Brazil Added to Conference Planning Group 


First steps towards setting up an 
international agency and a 1955 con- 
ference on atomic energy were taken in 
the United Nations last month, In 
proposing implementation of the Fisen- 





hower “pool” plan (NU, Oct. 754, 
Reactor Fuel Loadings 
En- 
rich- Powe 
ment U’ metal | 
Vame %) (tons heat 
NATURAL URANIUM 
Graphite moderated 
GLEEP 0.7 12° 100 
X-10 0.7 35 ; 800 
BNL 6.7 60 28 O00 
BEPO 0.7 28-40 +000 
CP-2 6.7 10+ 2 
Hanford 0.7 ? ~108 
CP-1 0.7 6t 0.1 
Sellafield 0.7 § j 
Belgian 0.7 30 500 
D.O moderated 
CP-3 0.7 3 00 
NRX O07 10 10.000 
ZEEP 0.7 ? 0.30 
ZOK 0.7 ?§ 5 
P-2 0.7 3.75? 1.500 
JEEP 6.7 ~2 5 00 
ENRICHED URANIUM 
Graphite moderated 
NAA 
proposal 0?¢ 160 
D.O moderate 
CP-3 ? 4 lb 100 
CP-5 4 2 6lb 1 ooo 
Water boilers 
LOPO 14 9 Ib 0.001 
HYPO 14 14 lb 6 
SUPO SS 1 Sil 15 
N.C. St a0 » 2 Ih 10 
NAA a0) 1 51l 0 001 
MTR type 
LITR oo 71 2 O00 
BSI nT) 7 lb LOO 
MTR an ) II sy OO 
ORR a0 6 II 5.000 
Pa. State 90 8 100 
U. of 
Mich a) SI OOou 
PWR 1.5-2% 15-20 264.000 
*Plus 21 tons UsOs Plus 4 U,0 
t Plus 40 tons Us:Os. § About tons U:0s. 
© About 7 lbs Us0s 
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Cabot 
Lodge, Jr. outlined a broad international 


p. 76), U. S. delegate Henry 
education and information program to 
be carried out in 1955. 

Great Britain, France, Canada, Aus- 
tralia, Belgium, and South Africa joined 
the | 


] | 
call the 


S. in submitting a resolution to 


conference and set up the 


agency 


Agency Proposed 

Lodge emphasized that details of the 
agency setup would have to be worked 
ut as it was organized. It would bea 
“special”? agency; like ten others it 
would be under UN auspices but would 
remain UN 


tariat committee is studying how the 


autonomous. A Secre- 


uweney could operate, but final plans 
will probably follow recommendations 
made by the United States. 

As originally proposed, the agency 
was to world ‘‘bank”’ for 
This 


modified so that the agency would not 


still to be 


serve as a 


fissionable materials. has been 
own material but would instead serve 
is a “‘broker” through which partici- 
pating nations would supply material 
lirectly to agency-sponsored projects. 

Another 


riginal proposal is the dropping of the 


change from Eisenhower's 


 proy ide 


the 


idea that the agency would 


ibundant electrical energy in 


ower-starved areas of the world.’ 


Allot Fissionable Material 


The United States has allotted 220 


f uranium to the proposed agency ; 


Great Britain will contribute 44 Ibs 
The total 264 lbs may permit up to 
> ore reactors to be added to the 

is quest for constructive nucleal 


ogress 
Although the contributed fuel’s de- 
eres f enrichment not 


the fact that 2.5-30 tons ot 


has been 
evenied 
ched fuel is required see table 


ist one reactor depending on 


vhether moderator is D.O, water, o1 
iphite) makes it that the 
mtributed fuel 
degree, If it is enriched to the same 
90 % 


evident 


is enriched to some 


degree 


as fuel used in the U.S.’s 
\ITR-type reactors, each reactor would 
thus, 


pure ibout Ss lbs of fuel 


No reactors 
contributed 


about 33 could be built. 
the 
uranium if it were enriched to 
the 1.5-2% of the PWR. 


could be built with 


only 


International Conference 
the 1955 conference 
would be implemented by an advisory 
Britain, France, Canada, 


Planning for 


committee. 

and the U. 3. 
later, the 
sponsoring the UN resolution suggested 


were first named to the 
committee ; seven powers 
that the Soviet Union, Brazil, and India 
be added to the group. 


U. S. 


This appar- 
idea that the 


committee should be representative of 


ently follows the 

“knowledge of atomic energy develop- 

ment and 
The U. S. 


conference should discuss world power 


geog! aphic location.”’ 


recommended that the 


requirements, deficits in conventional 
fuels, nuclear powe! economics, health 
and safety, nuclear technology, research 
reactors, and medical, biological and 
industrial applications of radioactivity. 

While final plans still have to be 


made by the adv committee, it 


ISOory 


is understood that the conference will 


be open only to. official representa- 
tives of participating nations. Un- 
sponsored individuals probably will 


not be able to attend 


U. S. Program 


Lodge said that the U.S. is continu- 
ing bilateral talks with several nations 
reactors 


aimed at setting up researc! 


abroad with U.S. materials and advice. 
Pointing out that the proposed inter- 
cannot come into full 


listed 


out In 


national agency 


operation immediately, Lodge 


programs the U. 8. will earry 
1955 He said these ‘‘activities will be 
coordinated with the international 
y’s own program and may late: 


itself.”’ 


agen 
be undertaken by the agency 
Included are: 


1A 


teach 


school 


10 scientists or engineers 


reactor training will 


30 o1 
from overseas the theory and applica- 


tion of power reactors As bilateral 


agreements are completed, classified 


luded. Argonne 


ybably will play 


material will be in 


National 


an imyp 


Laboratory pi 


this 


rtant 
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program 


part in 











Great Britain, in a similar action, 
School of Reactor 
Harwell to foreign 
students next June.) 


is opening its 
Technology at 


2. A one or two year course in indus- 
trial medicine at universities. Medical 
treatment required in industries con- 
cerned with atomie energy will be 
taught. 

3. Courses in industrial hygiene will 
teach the techniques needed for main- 
taining healthful conditions in indus- 
tries dealing with atomie energy. 

4. Instruction to be given at Brook- 
haven National Laboratory will cover 
radiological physics and use of radiation 
instruments. 

5. Use of atomic energy in medicine 
and biology will be taught in one to two 
year courses with five to ten persons 
per course at Argonne Cancer Hospital, 

- Brookhaven, and the Oak Ridge Insti- 
tute of Nuclear Studies. Also, as 
many as 150 visitors will be invited to 
visit cancer research facilities. 

6. Special four-week courses for 
foreign technicians will expand the 
present limited program for training 
in radioisotope tracer techniques. 

To supply other nations with infor- 
mation on atomic energy, the U.S. has 

assembled ten libraries, will assemble 
more if needed. These provide over 
200,000 index cards each and in addi- 

tion contain reports, journals, and ab- 


Addi- 


tions will be made to these libraries as 


stracts for the last seven years. 


material is published. 

Australia and Japan have already 
received libraries of unclassified ma- 
terial from AEC, although not as part 
of the plan announced to the UN. 


Argonne Talks to Utility, 
But Not About Selling Power 


Reports that Argonne National Labo- 
ratory is discussing sale of power gener- 
ated in its planned Experimental Boil- 
ing Water Reactor to Commonwealth 
Edison Co. have been branded a “‘ pipe 
dream” by an ANL spokesman. 

EBWR’s 5,000-kw output just about 
matches the laboratory's owh power 
requirements, and Commonwealth has 
been brought in on the problem of how 
this supply could be tied in with exist- 
ing service to the laboratory. 

Actually, no final plans have been 
made for using EBWR power. It’s 
doubtful that Argonne could enter into 
direct negotiations for sale of power to 
a private utility; the Atomic Energy 
Law of 1954 grants preference to public 
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Washington Report 


Democratic election victories and Presidential appointments are changing 
the top-level governmental lineup in atomic energy. Both the Atomic En- 
ergy Commission and the Joint Congressional Committee on Atomic Energy 
are affected. 

Following his rapid-fire appointment of two scientists—Libby and von 
Neumann—to AEC, President Eisenhower nominated one of the three “busi- 
nessman” Commissioners—Joseph Campbell—as Controller General of the 
United States. Campbell's AEC term, which started in 1953 and was to 
end next June, automatically ends when his appointment is approved by the 
Senate. 

One snag may delay Senate confirmation: Campbell has sided with AEC 
chairman Strauss in approving the controversial Dixon-Yates power pro- 
posal, thus provoking Democratic ire. Because of the Dixon-Yates con- 
troversy, Senate action of Campbell, along with that on Libby and von 
Neumann, has been deferred until after January 1. 

When the 84th Congress convenes in January, Senator Clinton P. Ander- 
son, Democrat from New Mexico, will be chairman of the Joint Committee. 
He succeeds W. Sterling Cole, ‘Republican of New York. Democratic con- 
trol of the new Congress, coupled with an agreement made when Cole was 
named that the chairmanship would alternate between House and Senate 
gives Anderson the job. 

Another change in the Joint Committee lineup was brought on by elec- 
tion of Senator Edwin C. Johnson as governor of Colorado. To replace 
him, the Democrats have named Albert Gore, Senator from Tennessee. 

At least two other Joint Committee seats will change in January as the 
10-to-8 majority swings to the Democrats. 


AEC’s “reactor of the year” scheme, wherein AEC would split the cost 
with industry on a nuclear power plant that industry would build and own, 
is moving slowly. First, AEC lawyers say the plan has to be revamped be- 
cause of the “no subsidy” section (Sec. 169) in the new law. No AEC 
money can be used in the “construction or operation of facilities licensed 
under section 103 or 104 except under contract or other arrangements 
entered into pursuant to section 31 (‘research assistance’).” AEC hopes 
some form of research “arrangement” can be worked out. 

A second stumbling block is the interest of industry in the plan. 
ber of companies were reported to be preparing proposals. But several 
private utilities were apparently scared off because of the bad publicity they 
felt the Dixon-Yates contract had given the utility industry. They were 
afraid of using government money on an industry-owned project. 


A num 


An AEC staff paper on the proposed “gray” areas of classification is ex 
pected to be acted on by the Commission before the end of the year. 
Meanwhile, specifications for L-clearance, which would provide access to 
gray area information, have been approved by AEC. Although most com- 
panies deeply immersed in the atomic energy business will undoubtedly 
continue to require Q-clearances for many of their personnel, it is expected 
that L-clearance will be of particular benefit to new companies in the field. 

° 

AEC is wrestling with the difficult and important problem of setting a 
“fair price” for special nuclear material to be delivered to AEC by potential 
operators of nuclear power plants. A suggested figure is now going the 
rounds within AEC. It is expected that the final price will lie somewhere 
between the weapons value of plutonium and its value as reactor fuel. 


A special committee is now being cleared by AEC to study problems re- 
lating to the insuring of nuclear facilities. 
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‘ee 7 
Sidelights 
Boron-10: how much is available? Officially, Atomic Energy Commission 
says it has enough boron-10 to meet both domestic and international de- 
But AEC hedges by add- 
All of AEC’s supply stems 


mands for this isotope used in neutron counters. 
ing “if the quantities are not unreasonable 
from a single batch bought several years ago; no hint of further production 
has been made. But Britain is setting up a boron-10 production facility. 
° 

Hanford made “radiation control area.” Posting of signs recently was first 
step in making the entire Hanford production area a radiation control area. 
Object is to limit travel on some roads to lessen burden of decontaminating 
them. 

a 
Belgians form nuclear syndicate. Chief shareholders of a syndicate formed 
in Brussels are electrical, metallurgical, and chemical companies, together 
with the Union Miniere du Haut-Katanga and the Societe Generale de 
Belgique. Aimed at doing groundwork for Belgian nuclear power, the 
planning group will train engineers, assemble information, and hunt for 
financing. 

© 
Complete geochemical lab. A new $500,000 building at Columbia Uni- 


Palisades, N. Y., now 


equipment tor age determinations and natural radioactivity measurements. 


versity s Lamont Geological Observatory houses 
° 

Japan plans nuclear power plant; progress tour first step. Japan's govern- 

mental Board of Industrial Technology is planning to send 15 scientists to 

the U. 


has decided to start construction of an experimental power reactor within 


S. and Europe to study nuclear research progress. The government 
five years. 

. 
Award contract for MTR irradiation facility. 
gamma irradiation facility in the Materials Testing Reactor area (NU, Nov. 
‘4, p. 124) will be built by 
Arrington won AEC contract with low bid of 


The building to house the 


Arrington Construction Co., Idaho Falls. 
$67,870, also bid low 
($32,350) for partitioning MTR building and installing two monorail cranes. 
. 
Washington State College wants research reactor. 
000 available, State College of Washington 
Harold Dodgen is directing State’s 


With a reported $200,- 
Pullman, Wash.) is interested 
in building a swimming-pool reactor. 
nuclear project. 

* 
France plans an atomic submarine. Included in France’s shipbuilding pro- 
gram for next year is a nuclear-propulsion submarine. 

2 
U. S., Japan, meet on effects and uses of radiation. Representatives of the 
AEC joined the Japan Science Council for five days in Tokyo last month to 
exchange information on radiation measurement, effect, decontamination, 
and research use. 

2 
West Germany plans civilian atomic program. Chancellor Adenauer has 
informed Allied authorities that the Bonn government wants to set up a re- 
search program, inc luding a 10-Mw reactor, within two vears. 

> 
Kaiser nuclear power study approved. AEC has approved the 18th nuclear 
power’ study under its industrial participation program. Kaiser Engineers 
Div. of Henry J. Kaiser Co. will study power-reactor feasibility. 

é 
Fermi gets first AEC special award. Following a recommendation of its 
General Advisory Committee, AEC has awarded $25,000 to Enrico Fermi 
for “especially meritorious contributions” to atomic energy development. 


Award is authorized by patent section of new Atomic Energy Law. 
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and cooperative power groups when 
surplus power is disposed of by Atomic 
Energy Commission installations. Al- 
though AEC regulations implementing 
this provision have not been written, 
the prelerence clause would seem to re- 


quire public announeement and bidding. 


Australia Includes Reactor 
In 5-Year Development Plan 


An experimental 10,000-kw reactor 
power plant will be built near Sydney, 
Australia. As part of a cooperative 
program with Great Britain, Australia 
is embarking on a five-year program 
aimed at industrial power. More than 
$12-million will be spent. 

Howard Beale, Australian Minister 
predicts that nuclear power 
Parts 


of Supply, 
will be economie within 10 vears. 
of his country, while economically im- 
portant, are far from the coast and from 
conventional fuel sources. 

The experimental reactol plant will 
be located as near to Sydney as safety 
allows and as near a source of sea oO! 


fresh water as possible. 


Forum Plans Film Series 
for Use on Television 


The Atomic Industrial Forum will 
start production of a motion picture 
series on “‘ Atomic Energy Today” this 
month. Arrangements have been made 
for at least 300 television showings of 
the 30-minute films during next year. 

Three to five industrial applications 
will be depicted in each of 12 films in 
the series Individual company par- 
ticipants will meet the costs of showing 
their 


given to Forum members in choosing 


activities. Preference will be 


Sponuso! companies. 

Swiss Plan Reactor 

Aimed at Economic Power 
Having arranged to get 10 tons of 


NU, Oct. ’54, 


, Switzerland’s 


uranium from Belgium 
p. 76, Nov. ’54, p. 120 
federal government now is setting up 
an organization to build an experimen- 
tal reactor. A decree published last 
month authorizes the government to 
subsidize a company to build a reactor 
and conduct necessary experiments. 
While the project is aimed at devel- 


1 


oping nuclear energy for economic use, 


lack ot reactor design details prevents 
analysis of how far the project will go. 


ited at $2.7-milli mn. 


Cost is estim 
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Born, Bothe, Pauling 
Win Nobel Prizes 


Linus Pauling has been awarded this 
year’s Nobel Prize for chemistry; Max 
Born and Walther Bothe have won the 
physies prize. 

The 


Science honored Pauling for his studies 


Royal Swedish Academy of 
of protein-molecule structure and for 
application of his work to “elucidation 
of the structure of complex substances.” 
Pauling is a professor at California 
Institute of Technology. 

3orn, who recently retired from 
Edinburgh University, Seotland, was 
cited “for his fundamental research in 
quantum mechanies, especially for his 
statistical interpretation of the wave 
function.”” Bothe, head of the Insti- 
tute for Physics of Max Planck Insti- 
tute for Medical Research, Heidelberg, 
Germany, was honored “for the coin- 
method and_ his 


made with this method.” 


cidence discoveries 


EDUCATION 


Brooklyn Poly adds nuclear option for 
ChE’s. Five courses in nuclear engi- 
neering can be used as a minor sequence 
in Polytechnic Institute of Brooklyn’s 
chemical engineering department. 
Atomic and nuclear physics, nuclear 
chemistry, nuclear reactor technology, 
and chemical processing of fission prod- 


ucts are included. 


Radioisotope use taught in Cuba. 
Twenty-four students from Latin 
American countries will complete the 
second UNESCO-sponsored course on 
radioisotope techniques on Dee, 23 at 


Marcelo 


_of Havana, Ovidio de Laosa, 


University of Havana. 
Alonso, U 
of the radioisotope laboratory 
it-Curie Hospital in Havana, and H. D. 


Bruner of Emory U., 


cirector 


Georgia, devel- 


oped the course. 


ORINS elects officers, administers 
participation and fellowship pro- 
grams. Oak Ridge Institute of Nu- 
clear Studies Paul M. 
Gross president and C. K. Beck vice 


president. 


has reelected 


Applications for participation in the 
Oak Ridge Research Participation Pro- 
gram are available to university faculty 
This ORINS-Oak 


National Laboratory program 


members. joint 
Ridge 
supports research pr jects for as long 
Further 


University 


information is 
Relations 


‘ ] ] 
wVva lal ie 
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Irom 


Division, ORINS, Box 117, Oak Ridge, 
Tenn. 

Atomic Energy Commission fellow- 
ships in radiological physics and indus- 
trial hygiene are also administered by 
ORINS; applications for 1955-56 can 
The 


uni- 


be obtained from the above office. 
two programs support study at 
versities and AEC installations leading 


to master’s degrees. 


RAW MATERIALS 


PERU: aids U. S. ore search. R. R. 
Beard, AEC 
is in Lima directing a 
nium United 
States is carrying out the search under 


raw materials division 


geologist ura- 


exploration program. 


operating agreements with South Amer- 


ican countries. 


UNITED STATES: adds more process- 
ing facilities; starts ‘‘uranium derby.”’ 
ven before expansion contracted four 
was completed, 
Anaconda Mining Co. 
covered more ore near its Bluewater, 
So Ana- 
contracted AEC for 
a further addition to 


months previously 


Copper dis- 
N. M., ore processing plant. 


conda has with 

construction of 

the plant. 
Avowed of the 


derby’ sponsored by The Army Times 


purpose “uranium 
is to aid the government’s search for 
uranium. The publication will pro- 
vide any war veteran with a Geiger 
counter for ten days without charge 
after he tells 
why. Entrants 


where he'll search and 


also have to report 


results, are offered no prizes. So far, 


20 counters are out on loan, 


MADAGASCAR: set U, Th ore 
prices. French AEC purchasing sta- 
tion at Fort Dauphin is currently pay- 
ing 1,500 franes kg of uranium metal 
500 
metal content for ores containing at 
least 8% U. Ores with 4% U are 
accepted if Th content is at least 40%. 
The Central Africa 
double the value of the French frane. 


content, franes ‘kg of thorium 


French frane is 


AUSTRALIA: unwrap ore data to stop 
bogus uranium promotions. 
tors and mining companies can now 


Prospec- 


disclose estimated ore reserves ore 


and production rates for 
But most useful data 
Bureau of Mineral Re- 


still ean- 


grades 
uranium mines. 
for investors 
sources reports and assays 
not be used without specific author- 
ization. 


SOUTH AFRICA: estimate 6-month 


profit of $9.5-million. In first half of 
this year, recovery of uranium from 
esti- 
Top 
profit was earned by West Rand@ Con- 
Tied for 
second place were Daggafontein and 
Western Reefs: 


gold-mine residues provided an 


mated profit of $9.5-million. 


solidated: over $2.S-million. 


$1.75-million each 


NEWSMAKERS 


Joseph C. Rengel snd Philip N. Ross, 
as manager and assistant manager, will 
direct the LSR (large ship reactor) proj- 
ect at Westinghouse Electric Corp.’s 


atomic power division, 


E. L. Zebroski, formerly en- 
gineer for the submarine advanced re- 
Electric's Knolls 


Laboratory, is 


project 
actor at General 
Atomic Power 
manager of the 
section of Stanford Research Institute, 
Stanford, Calif. 


now 


nuclear engineering 


C. L. Comar is now a principal scientist 
on the medical division staff of Oak 
Ridge Institute of Nuclear Studies. 
He has resigned his former post of 
laboratory director of the University of 
Tennessee—AEC agricultural research 


program. 


Washington have 
caused the following changes in the 
Atomic Energy Commission: R. W. 
Cook is now deputy general manager, 
and also continues as assistant general 
manager for 4. S$. 
Traynor is now assistant general man- 


Reassignments in 


manufacturing. 


ager directing the divisions or offices of 
security, organization and personnel, 
ntelligence, information, classification, 
and source and nuclear materials ac- 
D. F. Musser is 
director of the division of source and 
Pre- 
viously, this division was a branch of 
the R. B. 
Snapp is now special assistant to the 
AEC. He is 
as secretary to the Commission by 
W. B. McCool. P. N. Foster is thie 


new special assistant to the general 


countability. now 


nuclear materials accountability. 


division of production. 


chairman of succeeded 


manager for liaison. 


C. D. W. Thornton has been named to 
head AEC’s office of operations analy- 
sis, succeeding D. P. Heron. 
ing directly to AEC general manager 
K DD. Nichols, the office 
technical advice on major operational 


Report- 
prov ides 


problems not assigned to an operating 
division or on problems concerning 
several divisions. 
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EPIC FAST PULSE 
AND COUNTING 
EQUIPMENT 





Proved Dependability In A 
Versatile Range Of Assemblies 


0.001 MICROSECOND RISE TIME 


for the millimicrosecond to microsecond 
range. 


0-10 MC DECADE AND BINARY SCALERS 
FULLY AUTOMATIC 0-10 MC NUCLEAR 
SCALERS with predetermined count, pre- 
determined time operation, precision 
high voltage power supplies, preampli- 
fiers and discriminators. 


@ PLUG IN COUNTING STRIPS 


@ 0.1 MICROSECOND COUNTER 
CHRONOGRAPHS 


@ PRECISION DC HIGH 
VOLTAGE SUPPLIES 


@ WIDE BAND AMPLIFIERS 


ALSO CUSTOM DESIGNED EQUIPMENT TO 
MEET YOUR INDIVIDUAL REQUIREMENTS! 


Write for Bulletin No. 601 


ee ¢ PC 
ELECTRICAL AND PHYSICAL 


INSTRUMENT CORPORATION 


Engineering Division 
42-19 27th Street, Long Island City 1, N. Y. 


ABOUT THE INDUSTRY 


Nuclear Instrument In 1955-60, annual sales of nuclear instruments should 
Market average $40-million. AIC estimates the 5-year mar- 


ket to be (in millions): government—$115; radio- 
isotope users—$55; uranium industry—$15; export trade—$8; power and re- 
search reactors—$5. Requirements of AEC, according to R. L. Butenhoff, are 
“AEC has over 180,000 radiation instruments [worth] $13-million. This does 
not include reactor controls and other electronic circuitry which could easily 
account for another $20-million. The depreciation and turnover of instruments 


is high, especially for research-type instruments. Requirements for new or im- 
proved instruments continually arise as the program develops. There is a grow- 


ing demand for instruments that will permit automatic control of production 
operations and greater accuracy and speed in taking measurements. Instru- 
ments and equipment for analyzing and handling data are becoming essential to 
nuclear research.” 

$369,000 worth of radiation instruments were exported to Western Europe i 
July, August and Septembe1 


Chemical Chemical processing and recovery ol spent nuclear 


| Processing fuels is a phase of the nuclear power plant complex 


that has not been looked at to any great extent by 
industry Some feel there is considerable potential for industrial activity in this 


jarea. One company, the Vitro Corporation, has a processing study contract 


with AEC, Vitro plans to take a hard look at how it might reduce processing costs. 
The company reports that it will ‘tackle a specific design approach” to a power 
reactor presently being considered by industry. Vitro also wants to ‘“‘map out a 
concept for a central reprocessing and refueling plant to service utilities and one 


to serve marine or aircratt propulsion reactors 


| AEC Operating As AEC construction of new plants is completed, 
| Budget Grows more money will go into operating costs. The 
SQUARE PULSE GENERATORS. 


operating budget is expected to level off at about $1- 
billion per year. In fiseal ’54, AEC spent $232-million on products used in the 


operation ol plants laboratories, testing facilities, ete 


New Nuclear A growing trend in the atomic energy field is for major 


Activity companies to concentrate their nuclear activities in 
special divisions. Latest to do this is Glenn L. Mar- 


tin. This com ag has spent the last year building up a staff under T. F. Nagey, 


forme! with the National Advisory Committee for Aeronautics. Its principal 
interest is in designing and building reactor systems, including pressurized-wate 
type Martin has submitted a bid on the Army power reactor and is now work- 


ng on a design of one that might be carried in a plane isi portable power source, 
In addition, the company is interested in selling: propulsion reactors for surface 
ships up to destroyer size; heat exchangers for liquid metals; control-rod systems, 
including servomechanisms; fuel elements. Martin is considering setting up, vis 
1 cooperative plan, an industrial engineering and service reacto! It might go 


ona university Campus 


He radioactivit applic i- 


lsotope A useful way to exploit possi 
Committee tions also comes out of Glenn L. Martin. The com- 

pany has set up an isotope committee with representa- 
tives from each phase of the firm’s operations—e.g., engineering, quality control 
manufacturing, ete. “Also on the committee is a nuclear specialist. At com- 
mittee meetings, problems from the various departments are tossed on the table. 
If it looks like using radioactivity would be the answer, the or 's nuclear 


laboratory investigates the problem and reports back with recommendations. 
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Where lead shielding is indicated, on account of 
space limitations, the need for an easily “worked” 
material, or for reasons of economy, we would 
like to figure on your requirements. As “workers 
in lead” for many years, as a principal producer 
and marketer of all types of lead goods, National 
Lead Company is in excellent position to supply 
lead shielding that will meet your specifications. 


Stock Shielding 


We can usuaily “fill from stock,” or furnish on 
short notice at all of our Branches around the 
country, orders for lead brick, slabs, sheet, sleev- 
ing and other standard extruded, rolled, milled 
or cast forms. 


Lead Shielding ee « fo meet your needs 


Custom Shielding 

Where “made-to-measure” shielding is needed 
(like the above CO-60 safe and cask, for example ) 
we will be glad to quote on receipt of your draw- 
ings and specifications. A sales engineer will call 
if an on-the-job discussion is required. 

A leaflet on “Lead Shielding” will be mailed to 
you if you ask for it. Please address nearest 
Branch. 


National Lead Company 


New York 6; Atlanta; Baltimore 3; Buffalo (Depew P.O.); 
Chicago 80; Cincinnati 3; Cleveland 13; Dallas 2; 
Philadelphia 25; Pittsburgh 12; St. Louis 1; Boston 6 
(National Lead Co. of Mass.); Los Angeles 23 ( Morris 
P. Kirk & Son, Inc.); Toronto, Canada (Canada Metal 
Company, Ltd.). 
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PRODUCTS 





lonization Chambers for Health Physics and Civil Defense 


A new line of dosimeters and two new 
multiple-range dose-rate meters have 


been announced, 
Handy Bendix high-range clip-on 
; | 

pocket (left, 


available inranges from 0-5r to 0-1,000 


dosimeters above are 


r; for Co® radiations, accuracy is 10% 


: oe 
IS d/o. 


and linearity Accuraey is 


within +25% 
kev to 3 Mey. 


able. Bendix Aviation Corp., 
Third St., Cincinnati 2, Ohio 


radiation fr 50 


] ‘ 


Iso? 


for om 
ivail- 


Ww, 
P-1) 


Chargers are a 


IDS 


Tissue-equivalent nization cham- 


ann MATERIALS 


sensitive to l-r/hr y-rays. 


Neon lamps 


earphones prov ide indication. 


and 
Nuclear Instrument and Chemical ¢ ‘orp., 
(P-7) 


229 W. Erie St., Chicago, Til. 











Three Scalers 


ber (available separately) enables new 

survey meter (right, above) to measure Of these decimal scalers, two utilize 
rep directly. Three ranges, 0—-10/100 decimal counting tubes with direct 
1,000 mr/hr, and 0-0.1 mr integrated readout. 

dose are included in this battery -oper- Model SG-2A_) scaler above has 
ated instrument. Radiation Industries scale of 1,000, built-in non-overloading 
Co., Box 232, Brookhaven. N.Y. P-2) amplifier with l-mv sensitivity, 2-usee 


resolving time and stable dual-range 
T¢ ch nical Me as- 
Veu Hlaven, 


P-S) 


Ne VW 


ber on 


Neher-White ionization cham- ; ; 
high-voltage supply. 


a 50-ft cable permits remote , 
if orp. 1 (0 Stats St 


measurement ol 0.01 
mr hr to 100,000 r/hr substantially in- 


. urenien 
radiation from 


Conn, 


dependent of energy from 75 kev up. Ty pe N530 EKCO automatie sealer 
Jordan Electr ; ; we f } 
; I onic Mfg. Co., Inc., 119 and timer presents elapsed time up to 
nion f ISH " Fach , ! 
I St., Pasadena 1, Cal. P-3 100,000 see by means of Dekatron 


tubes, counts to 10® with 5-usec resolu- 


tion; high-voltage supply and pream- 





RADIATION DETECTORS AND ACCESSORIES 


ire built in. American Tradair 


105 Lexington Ave., New York 17, 


plifier 


Corp. 





Two Scintillation Counters 

These versatile products can fill many 
laboratory counting requirements 
scintillation .coun 
be fitted with any of 12 


different hermetically sealed, light-tight 


Improved 


(above) may 


crystals. Plateaus are 2%/100 wv for 

3800 Vv. National Radiac, Inc., 10 C 

ford St.. \ ‘ wark 2 \ . J. P- } 
Model SC-2M counter (not illus- 


trated) has adjustable manual sample 


It 


changer and variable collimation 


76 


P-9) 


See 








uses l-in.-diamete1 l-in.-high 
Nal(TI) ervstal; model SCIU is avail- Model PN 123/A by M. B. L. E. of 
ible ith interchangeable crystals fon Belgium, has 20-usec resolving time. 
a, B, y, and n counting. N. Wood High-voltage (250—-1,800-v) power sup- 
Count Laboratory, 5491 Blackstone ply and (). l-sensitivit, preamplifier are 
ire., ¢ cago 15. Ill. >.) built in A.A. Beckwith, 50 Vanderbilt 
Ave., New York 17, N. Y. P-10 
BF, Neutron Counter 
WL-6307 proportional counter, 12 in. 
g and 1 in. in diameter, is filled with RADIOACTIVITY MATERIALS, 
55 em Hg of 96°%-enriched BUF; APPARATUS 
se tivity Is 4.5 eps for unit thermal- 
neutron flux. Westinghouse Electronic Radioisotopes 
Tube D on, Dept. T-297. Box 284 Some evclotron-and reactor-produced 
I ae 3 P-6 isotopes are offered in approximately 
P maximum Quantity shown: Be7, 1 me; 
Neutron Monitor Nat? 500 ne: V*. 10 me: Cr. 1 me: 
Model 2715 battery -operated mon- \In®, 100 we; Fe 500 we; Zn®, 1 me; 
tor uses two enriched BF; detee- Cd! 100) we. Other shorter-lived 
{ one feé thermal neutrons, other radioisotopes are available, also carrier- 
Su inded by paraffin and cadmium free activity, and labeled compounds, 
shield neutrons above 1 ev: it is in- \V. V. Philips-Roxane, Isotopes Labora- 
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tory, P. By Hooftstraat 171 177, Amste f- 
(P-11) 


dan The Vetherlands. 


™ 


Sardap 
Small-angle-radiation-detection-and- 

presentation system, TU-3A, combines 

collimated 


well-collimated 


detector, 
electronics for liquid-level control, den- 
De- 
tects 0.001-in. variation in 1-in. steel 
Vuclear Research Corp., South- 

Penn. (P-12) 


source, 


scintillation and associated 


sity control, and radiography. 
plate 


han pton 


Isotope Scanner 

Collimated  seintillation-counte! 
in. area 
Line 
Print 


in full view of operator, provides 


housing scans up to 14 X 17 
at continuously variable speed. 


space Is variable from lt6 in. 


relay 
up to 4 copies of pattern. Sean frame 
is 5S in. above floor, permitting 30-in.- 
examination table. I soto pe Ac- 
Box 5458, Philadelphia 

(P-13) 


high 
cessories ('o.. 


) 
13, Penn. 





ANALYTICAL INSTRUMENTS 





generator. Uni- 
Generator provides continuous 


Spectrograph-arc 
dis- 


are, intermittent are, unipolar 


and intermittent sparks; var- 
0.3-—1,000 
Specialties Corp., Snow and 


Boston 38, Mass. ( P-1] 1) 


charges 
able current is amperes, 
Neventitic 


l'nion Nts 


Gas-purity analyzer-recorder. 
Panel-type indi- 
ate, and control production quantities 


instruments record, 


ot gases OF laboratory samples, Gou- 
Vac Instrument Co., 100 Kings Rd.. 
Vadison, N. J. (P-15) 


X-Ray quantometer. Curved crystal 
permits simultaneous analysis of 8 ele- 
ments; element percentage is recorded 
Applied Research Labora- 
(P-16) 


in <2 min. 


tories, Glendale, Caltf. 


Dissolved-oxygen analyzer. Model 
1A3B combines scrubbing mechanism 
removing gases from liquid and 

for measuring oxygen in re- 
Arnold O. Beckman, 
Vission St.. S. Pasade na, 
(P-17) 


analyzer 
moved gases. 
Ine 


Calif. 
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) 
1020 


Aerosol, smoke photometer. By using 
forward-seattered light, portable unit 
concentration range 
Phoenix Pre- 
3803 N. Fifth St., 
P-18) 


has observable 
of 100—100,000 
cision Instrument Co.., 


Philadelphia 40, Pa. 


times 


Fractional-distillation apparatus. 
Heli-Robot low-cost, low-temperature 
apparatus has semiautomatic controls 
and fractionating column. Podbiel- 
niak, Inc., 341 FE. Ohio St., Ch icago fd. 
Til. (P-19) 





CIRCUIT COMPONENTS 





Resistors, Capacitors 


Here are some new resistors and a high- 
temperature capacitor, 

Type L resistors wound on steatite 
cores and sealed in epoxy resin, per- 
form accurately in the face of extreme 
humidity, altitude and corrosive influ- 
Available in a complete line of 
standard and subminiature sizes. Re- 
sistance Products Co., 714 Race St.. 


Harrisburg, Pa. (P-20) 


ences, 


Designed for high-frequency applica- 
tions, resistors are available from 20 
ohms to 200 megohms in !4-2 wratings. 
Phaostron Co., 151 Pasadena Ave., S. 
Pasadena, Calif. (P-21) 


Type HC resistors are ruggedized, 
and available in 
ranges to 200 
power of 4s, 1, 
Standard tolerance is 1%. 
ucts, Inc., Columbus, Nebraska. 


hermetically sealed 
resistance megohms, 
ratings and 2 w., 


Dale Prod- 


(P-22) 


PR-1 resistor is hermetically sealed, 
offers temperature coefficient that is 
independent of resistor value. HT-2 
capacitor will operate at 200° C without 
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derating; high insulation resistance 


(5 X 10" ohms) means capacitor 
than a 


Laboratories, 19-53 


P-23) 


can 
hold charge for more 


Baleco Research 
Edison Pl., Newark 2, N. J. 


year, 


Deposited-carbon resistors are avail- 
and 2-watt size, have 
above 100,000 
Corp., 215 E. 
P-24) 


able in '4, '5, 1, 
resistance 
megohms. Rockbar 

37 St., New York 16, N.Y. 


insulation 


Carbon-film resistors are available in 
sizes; type \ 
tolerance, type D, 0.5% 
Ceramics, Inc., 1 EB. 57 St., 


ie. ie 


has 5 
irnhold 
Vew York 


P-25) 


c 
( 


all standard 





ELECTRONIC APPARATUS 





Vacuum-Tube Voltmeters 
Models covering the range from | mv 
to 100 kv are new this month. 

The 213-A 
above) has zero-cente! 
full-scale deflection of 1 my. 
noise and drift 
Gain-of-1,000 d-c amplifier channel is 
included. IJndustrial Control Co., Wy- 
andanch, N.Y. P-26) 


millivolt meter top, 
movement and 

Internal 
10 wv d-e. 


are below 


Ruggedized miniature a-e 


tube voltmeter (above, bottom) takes 


vacuum 


no more panel space thanstandard 3! 45- 
sensitivities 


77 


in. meter. Single scale 








from 10 mv to 300 v are available, and 
multiple-seale 
effected. Trio Laboratories, P. O. Box 


143, Wantagh, N. Y. P-27 


Model LVM-5 uses null method to 
achieve 0.05% resolution and linearit) 


operation Is CASILN 


in 0-100-v range; serves as compari 
bridge, electronic millimicroammeter 
Compute rCo.of A merica, 149 Church St 
Vew York 7, N ° Y. 
Model 
measures 0-500 v by null method using 
standard cell. Furst Eleec- 


3322 W. Lawrence Ave.. Chicago 


124 precision d-c voltmeter 


built-in 
troni 8. 


M5, Lil. 
Model V M-S2 has 11 d-e ranges frot 


50 mv to 500 v; input resistance is 50 
megohms. Probe with half-wave ger 
manium-diode rectifier permits us¢ 
from 10 ke to 200° Me 
Specialties Corp., Snow and Union Sts 


Brighton 35, Mass. 
Model J-1002 


meter employs vacuum capacitor d 


Scienti 


high-volt ie 0 


vider to measure voltages from 100 te 
100,000) vv. Frequency 
from 50 eps to 20 Me. 
Mfg. Corp., 970 McLaughlin Ave 
Box 1278, San Jose 8, Calif 


response 


Jennings Radio 
P.O 
P-31 





Oscillators and Amplifiers 


Three oscillators from two manut 
turers head this listing. 
1307-A 


(above) produces 100 and 1.000 eveles 


Transistor oscillator, type 


accurate to 3% at 2 v into 600 ohms 
It uses 3 mercury A batteries and | px; 
junction transistor. Type 1304-B 
heat-frequency, 1-w, 600-ohm, audio 
oscillator is latest version of a classi 
range is BO 
Radio Co 
Vas- 


P-32 


instrument. Frequency 
eyeles to 40 ke. 
Ave., 


Ge neé ral 
275 Mass. Cambridge 39, 


sachusetts. 
Model 301 Utility Oscillator covers 
range from 12 cyeles to 1 Me in 6 


ranges, Output is 10 v into 600 ohms 
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Mode 
itmeter-amplifier has full-seale ranges 
trom | mv to 300 v. 


202 a-¢ 


20 cycles up to 2 Me 


Accuracy is under 


5Y Shasta Division, Beckman Instru- 
ments, Inc., P. O. Box 296—~Station A. 
Richmond, Cal. P-33 


Four-channel carrier amplifier has 


0—3,000-evcele frequency response. 


Consolidated Engineering Corp., 300 N., 
Vadre Villa Cali- 


P-34 


Sierra Pasadena 8, 


fornia 


Type 2HLA-3 d-e indicating ampli- 
fier has gain of 104, 0-20-evcle band- 


wcurate zero-center  miurror- 
Cale wovides for use as indicator. 
I 


Dolecan Corp Soldiers Field Rd : Bos- 
ton 35, Mass P-35 





PUMPS, VALVES, AND SEALS 








Fast-Response Vacuum Gages 
Hastings GV-7 
vacuum gage uses directly heated no- 
ble-metal nickel- 


plated gage tubes to avoid corrosion, 


model above, top 


thermocouples and 


when 
0.001 


calibration is 


and contamination 


outgassing, 
measuring from 1 to 


unaffected by exposure to at mosphet! ic 


pressures 
mm Gage-tube 
pressure or changes in ambient temper- 
In 


P-36 


ature Hastings Instrument Co.., 


Warwick, Va 


Alpl itron nue 517 


i sealed radium unit as source of 


ide] bottom) gage 


uses 


alpha particles to ionize gas molecules 


Use post card insert in this issue 


that collect on a plate to produce pres- 
current. Gage 
ires pressures from 1,000 to 0.0001 mm 
Hg Equipment 160 
Charlemont St Vewton Hig lands 61, 
Mass P-37) 


sure-Mmeausuring meus- 


Varesco Corp., 





Solenoid-Controlled Valves 

New line of ey linder-operated solenoid- 
controlled valves made of various mate- 
rials are suitable for handling corrosive 
gases and liquids. They have full-area 
ports, can be mounted in any position, 
can be either normally open or closed, 
and are available with standard, water- 
tight, o1 solenoid en- 
('o., 39] 


P-38 


eXplosion-prool 
Automatic Switch 


, Orange, N. J. 


closures. 


Lake side Ave 


Double-Seal Ball Valve 


iulectrolytic corrosion that causes many 


valve failures can he prevented by 
using a new double-seal ball valve made 
of same material as the piping system 
Available In 


from !4 to 2 in., the ball-type valve is 


many metals and sizes 


designed to permit nonturbulent flow 
and positive shut-off at 600 Ib/in? even 
under extreme abrasive and corro- 
Jamesbury GCorp., 15 


(P-39) 


sive conditions. 


Union St.. Worcester 8, Mass. 


PUMPS, VALVES IN BRIEF 





Hexseal 


single-unit 


series-9000 
keep 


moisture, dust, and combustible vapors 


Hermetic seals. 
high-pressure seals 
from leaking through rotary switches 
shafts. 


14-in. shafts and a 


around panel-mounted 
models fit 
s-in. threaded bushing. Automatic & 
Precision Mfg. Co., 252 Hawthorne Ave., 
Yonkers 5, N. Y. (P-40) 


and 


Present 


Tube fitting. Swagelok flare connector 
is designed flare 
fittings to Swagelok leakproof torque- 


for switching from 


free tube fittings; available from 1.x 


to 1 in. Crawford Fitting Co., 884 FE. 
140th St., Cleveland 10, O. P-41 
Hydraulic piston seal. BW series 


S-11052 pressure-responsive dual piston 
ring seal is available in standard sizes 
from 1 to 4 in. o.d. Said to be tough, 
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inert, and corrosion-resist- 
seal is usable from — 100 to 300° F 
up to 5,000 Ib/in?. W.S. Shamban & 
Co., 11617 W. Jefferson Blvd., Culver 
City, C (P-42) 


extremely, 


ant 


7 
aii 


O-rings. Buna-N fuel- and oil-resist- 
int compounds are being used in a new 
series of industrial O-rings. 
; to 16 in. 
Stillman Rubber Co., 5811 Marilyn Ave., 
Culver City, Calif. (P-43) 


sizes range from ! o.d. 


shut-off valves. New 900 
series valves are rated 0-3,000 psi and 
be 


Manual 


can used in either hydraulic or 


pneumatic lines. Circle Seal Precision 
2181 EF. Foothill Blvd., Pasadena 


(P-44) 


Va res, 


S Calif 


Metallic O-rings. Gold-plated metal- 


lic O-rings are being developed for seal- 
ing gases and corrosive liquids under 
extremes of temperature and pressure. 
United Aircraft Products, Inc., Dayton, 
(P-45) 


G*hrue 





METERS AND REGULATORS 





| 
: | 


Electronic Flow Meter 
Indicating, reeording, continuous-type 
mechanical integrator, or combinations 
of these models measure gas or liquid 


flow. Metallic-bellow, 
transmitters 


rupture-proof 


differential 
Lor 


standard sta 


pressure 
20-750 in. water 
tie 1.500-lb/in? 


pressure; higher ratings can be supplied. 


are 
: | 
available with 
operating 
Transmitter-recorder system employs 
null-balance 


differential transformers, 


system, electronic amplifier, and 
tinuously operating 6-counter inte- 

The Hays 
Ind 


rator 


(yf 


Michigan 
(P-46) 


Corp., 


Variable-Area Flow Meter 
I 


sta 


in-line in- 
with 


meter. 


ul d-flow meter combines 


differential 


f variable-area 


or ifice 


ition ol 
s gnal Oo 


. t 
eu 


12 in. pipe lines cover 0.2- 
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Standard 


years 
of weapons 
engineering 


experience 


If you’re looking for an opportunity to work with the finest mindpower 
and facilities in the whole new world of aircraft development...if you 
want to harness the power of great knowledge to your own technical 


training...then you should know this: 


Martin’s engineering stafl represents an aggregate of 10,000 man-years 
| 


ol engineering expericnce, covering every branch of the acronautical 


sciences. 


And there is—and always will be—a need for outstanding “new blood” 


in this organization. 


If it’s only a job you want, the woods are full of them. But if you are one 
of the few who are destined to go far in this industry, you'd be wise to 


take an engineer's-eye view of the mind powe) and the facilities you'll 


be working with. 


Write to J. M. Hollyday, Box N-12, Phe Glenn L. Martin Company 


Ez ra 
MVE ZA FET Ea ok 


BALTIMORE: MARYLAND 


Want more information? Use post cord insert in this issue. 











MISSILE 
SYSTEMS 


Research 


and 
Development 


PHYSICISTS 


AND ENGINEERS 


Inquiries are invited from 
those who can make significant 
contributions to, as well.as 
benefit from, a new group 


effort of utmost importance. 





MISSILE SYSTEMS DIVISION 
research 

and 

engineering 


staff 


LOCKHEED AIRCRAFT 


CORPORATION 


NUYS ¢ CALIFORNIA 


80 


10-60,000 Ib 
hr of steam, or 1—6,000 ft® min of gas. 


2,000 gal/min of liquid 


Device ngineering Co.. 1701 Walnut St.. 
Philad i phia S. Pa. P-47) 


By-Pass Flow Regulator 

Type 1801 flow regulators, for systems 
requiring constant flow rate less than 
pump output, provide 0.3-12.0 gal 


f 


min for 8,- and !9-in. pipes at 3,000 


lb/in? operating pressure. Regulation 
is +10% of regulator’s calibrated flow 
ite with differential pressures across 
regulator of 75-3,000 Ib/in®. Water- 
man Engineering Co., 725 Custer Ave., 


Evanston, Ill. (P-48 





SERVO COMPONENTS 








Synchronous Motors 


Two series of synchronous motors are 


Servo motors and synchros, *4-in. 
liameter and having straight-through 
bore and integral stator-housing 
top), have 


6.500-rpm 


above, 
following characteristics: 
no-load speed, 0.1-0z- 
n. stall torque, 1.5-watt power input/ 
phase, 18-volt input/phase, and 1.2-0z 
weight: model has 
t,000-rpm no-load speed. Kearfott Co., 


‘ Vain Ave . Clifton, N P J. P-49) 


highly damped 


\otors for magnetic tape drives pro- 
ide svnehronous speeds of 300-—1.800 


ibove, bottom), with standard 


ipstans, of 17x, 334, 749, 15, and 


Extended o1 double-ended 
] 


30 in./sec. 
shafts and variations in mounting « 
tails, direction of rotation, line voltage, 
available. Tech- 


Deve opment Corp LU60U Ince 


nd frequency are 


e information 


Use post card insert in this issue 


Blvud., Culver City, Calif. (P-50) 


Data repeater. Dual-synchro§ and 
helipot-type repeaters have +0.03-deg 
static accuracy, 25-cps bandwidth, 
velocity constant in excess of 13,000, 
3,000-0z-in./deg torque constant, and 
Mid- 


western Geophysical Laboratory, 5401 S. 


Harvard, Tulsa, Okla. P-51) 


300-deg/sec max. slewing speed. 


Miniature clutch. vailable as clutch 
and clutch brake, §*¢4-in. max. diam- 


eter unit transmitting 8 oz-in. torque 


with 65-ma control current. Magtrol, 
Inc., 5383 S. Niagara St., Tonawanda, 
1 a P-52) 


Miniature clutches and brakes. Sin- 
gle clutch, double cluteh, and clutch 
brake 


max., with telephone-ty pe relay; 


have 6-msec response time, 
units 
are designed for 16 o0z-in. max. torque 
and 1,000-rpm intermittent duty. Ford 
Instrument Co., 31-10 Thomson Ave., 


Long Island City 1, N.Y. P-53) 


Servo amplifiers. Types MAT-1, 2, 
3, and 4 amplifiers handle 2, 4, 6, and 
9 watt servomotors, respectively, with 
115-volt, 
that with 230-volt, 400-cycle supply. 
Output is sinusoidal, amplitude varia- 
ble, and phase United 
Transformer Co., 150 Varick St., New 


} ork Ss. NA ‘ 7. +54) 


100-cycle supply and double 


reversible. 


Variable-speed transmissions. New 
Zero-Max 10, 15, and 20 Ib-in. torque 
models have double output shafts, in- 
put and output shafts on same side, and 


shafts opposite from standard unit. 
Revco, In g BE. Franklin Ave., Min- 
nea polis 4, Minn. P-55) 


Multipole synchro element. Inducto- 


syn serves as shaft-position data trans- 


mitter or receiver; 3-in.-diameter de- 


vice has maximum errors of 0 sec of 


are; 108 poles provide 54 synchronous 
points per revolution. Farrand Optical 
Co., Inc., Bronx Blvd. and E. 238th St., 
New York 70, N.Y. P-56 


} 


Helipot. Redesigned 
type AJ offers 0.01 resolution with 


miniaturized 


0.5% linearity although only 1! 9 in. 


Available in 
100,000 


long by 7¢ in. diameter. 


linear versions from 25 to 
windings. 
Ave., S. 


> == 
-4 


: nonlinear 
Helipot Corp., 916 Meridian 
Pasadena, Cal. 


ohms, 2w; also 





PRODUCTION EQUIPMENT 





Small motors. Two new motors are 
Type SC-5 is rated at 1 hp 


regulation of 


available. 


at 12,000 rpm, has speed 
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loads of 33-1 hp. Motor | 


features 110-lb-in. starting torque. 


Type SC-23 is governed at 7,100 rpm | 


to 1%, within load variations of 30% 
Motor rating is 's hp at 27 v, 6 amp. 


Dalmotor Co.. 1356 Clay St.. Santa | 


Clara. Cal. (P-58) 


Synchronous motors. Variety of mo- | 
tors is available: ratings of 20-700 hp | 
with 1.0 power factor, ratings of 20-600 | 


hp with 0.8 power factor. Exciters are 
directly connected, take 125v. Arma- 


: P Sa | 
ture temperature rise is 40° C, field | 


temperature rise is 50 or 60° C. Co- 
lumbia Electric Mfg. Co., Cleveland 14, 


Ohio. (P-59) | 


Steam generator. Cyclotherm model 
C1400 is 40-hp package steam gen- 
erator. Unit operates on gas, oil, o1 
gas and oil combinations. It requires 
no stack U. S. Radiator Corp., 


Oswego, N. Y. (P-60) | 


Induction heater. High-frequency 
model 5000 has all aluminum capacitor 
that discharges completely. Radio Fre- 


fi 
sachusetts. (P-61) 


Dielectric heater. Model 5000 has 
double shielded cabinets that reduce 
radiation below FCC requirements. 
This portable unit has 5-kw output. 
Resdel Engineering Corp., 2351 River- 
side Dr., Los Angeles 39, Cal. (P-62) 


Selenium rectifier. Model 6-750T rec- 
tifier has 22-step control, from 0-6 v 
d-c, with ripple of 5%. Unit converts 
230 460 vy, 3-phase, 60 cycle a-c, in- 
cludes 4 n. ammeter and volt meter. 

Chemical and Engineering Co., 

Wort! t., Los Angeles 69, Cal- 


fornia (P-63) 


Vacuum coater. Features of vacuum 
coater are built-in photometer to meas- 
ure coating thickness, and rapid pump- 
down time. Bell jar is made of 
uluminut tmerican Instrument Co., 


Tn , ovale Spring, Md. (P-64) 


Automatic motor starter. Time delay 


condulet OFC restarts motors auto- | 


with adjustable time delay 


for 6 sec, Device is explosion- 


ind dust-tight. Crouse-Hinds 
r and Seventh North Sts., 


Syracuse, N. J (P-65) | 


Resistance soldering unit. Model 23 
to eliminate overheating or 
parts. Adjustable heat-con- 


25-1,000 w) and timer are pro- | 


J erwmaciie Products C'o., P. 0). 
Hawthorne, N. J. (P-66) 


Surfacing electrode. Deposits from 
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PORTABLE RADIATION 
RECORDING MONITOR 











MODEL PRAM-5S 
Completely Battery Operated 

Esterline Angus Records Radiation 100 hours 
unattended (1?”/hr chart speed) 


ated OUTDOOR cabinet 
Gamma Range 0.1 mr/hr to 100 r/hr 
Substantially Energy Independent 
80 kev up 
MODEL PRAM-S 





quency Co., 44 Park St., Medfield, Mas- | 


Write for data file 16-83 


Jordan Electronic Mtg. Co., Inc. 
119 EAST UNION STREET 
PASADENA 1, CALIFORNIA 


ie Housed in Splash-proof Easily Decontamin- 











—=——— INSTRUMENTS FOR 


CONTINUOUSLY VARIABLE TIME DELAY 


PASSIVE NETWORK=——— 
TYPE 2011 and 2012 


®@ Time delay continuously variable with a resolution time 
less than 5 = 10°'° seconds up to 11 microseconds for 
Type 2011, and up to 16 microseconds for Type 2012. 
®@ Passing signals of any waveform. 
® No time jitter, millimicrosecond accuracy. 
Type 2011 and 2012 are well suited for variable 
time delay for pulses, phase angle measurement, or 
TYPE 2011 time measurement of various signals. No limit on 
repetition rate, faithful reproduction of the waveform. Price $245. 
STEP VARIABLE DELAY LINES. Equal input and output impedance available with maxi- 


mum delay of 2.2 us to 10 us. 
= WRITE FOR DATA! 


ADVANCE ELECTRONICS CO., Inc. @ 451 HIGHLAND AVENUE © PASSAIC, N. J 








MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 
you don’t miss a single important issue . . . and help us 
make the correction as speedily as possible by giving us 
your old address, too 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St., New York 36, N. Y. 








Want more information? Use post card insert in this issue 

















WHERE TO BUY 


Rates are per inch per insertion. Con 
tract rates are based on the use of 6 or 
12 issues within the contract year, and 
as specified below. 


12 Times 
18.75 


6 Times 
20.25 


1 Time 
$21.75 




















Larger Sizes Now Available 


HI-D* LEAD GLASS WINDOWS 


For use in steel, lead, and concrete walls. 


PENBERTHY INSTRUMENT CO. 


666 Adams St. Seattle 8, Wash 















REPLIES (Box 
NEW YORK 
CHICAGO 
SAN FRANCISCO: 68 Post St 


SALES ENGINEERING Organization 


SEARCHLIGHT 
hy tog gle], | 


Classified Advertising 
BUSINESS 
RESALE 


EMPL . 
EQUIPMENT USED OR 


OPPORTUNITIES 


UNDISPLAYED RATE 
$1.50 a line. Minimum 3 lines. 
DISPLAYED RATE 


= ws inch. 

ADVERTISING INCH: j” on one col- 

umn, columns—30 to a page. 
NEW ADVERTISEMENTS 


Address: 330 W. 42nd St., New York 36, 
N. Y., for January issue closing December | 4th 


OYMENT 


(a Cr- 
48-50 


HS-1 hard-surfacing electrode 
Mn-Ni alloy) workharden to 

| Rockwell C, are applied with a-c or d-c 
All-State Welding Alloys Co., 
55 Ferris White Plains, 
(P-67) 


| welders. 
Inc., 249 

iN, 

CONTROLLERS, RECORDERS 


Ave., 








, 
| Graphical Recorder 

Model 54-A graphical-numerical re- 
Soden er uses cash-register tape; achieves 
| large seale record with accuracy through 


multiple traverses of tape. Numerical 


| | printing of traverse identification sup- 
| 


Chart drive is 
driven. 
Land O 
134,.N. 


(P-68) 


pliments line graph. 

|time synchronized or 
Unit measures 9 X 6 X 7 in 
Research and Development Cor p., 


servo 


| Wayne Ave., Wayne, Pa. 


|pH Controller 

wa Vane pH controller with variety 
| of electrical control actions is available 
has jeweled 
dust-proof 
| Electrical actions: 2 position; 2 position 


| Instrument movement, 


7-in. mirror scale, case. 








No.): Address to office nearest 
330 W. 42nd St. (36) 
520 N. Michigan Ave. (11) 
(4) 


SELLING OPPORTUNITY WANTED 


you 


(manufactur- 
ie 


| with normal zone; 2 position with pro- 
| portional input; and 3 position control. 
The Bristol Co., Waterbury 20, Con- 
necticut. (P-69) 


- | Graphic Recorder 


division that Edmund B. Besselievre 
will manage. Complete engineering 


and construction services in waste prob- 
lems are offered by the firm. 


p> John C. Whiddett Co., Bala-Cynwyd, 
Pa., 
fabrication services on automatic 
Policy of making 


offers complete survey, design and 
con- 
free 


recommendations on specific control re- 


trol systems. 


quirements has been instituted. 
P Nuclear Consultants, Inc., is the new 
name of Nuclear Research and Devel- 


opment, Inc., St. Louis, Mo. Newly 
formed instrument division will be 
knownas NRDInstrumentCo. Nuclear 
Research and Development, Inc. re- 


cently separated its consulting and in- 
strument sales activities. 





LITERATURE AVAILABLE 





Radiation shielding. Catalog 53 de- 
scribes complete line of radiation shield- 
ing equipment. 96 “ Ray Proof 
513 W. 54th St, York 19, 

(L-1) 


Corp., Vew 

MN. . 

Prospecting counters. Catalog shows 

line of Geiger counters for prospecting. 

4p. Hlectronics, Inc., Fifth and Noble 
s., Philadelphia 23, Pa. (L-2) 


Rectifiers. Bulletin HDR 854 de- 


Model 100 recorder has input resistance 
ers representatives) Available for New York, én2 6 . 
Jersey, Eastern Penn. Equipment Specialists with ex-| of 14 megohm, full scale sensitivity of 
ceptional technical backgrounds and sales records in | z 
industrial, research and nuclear ee re 


scribes rectifiers rated up to 500 kw. 


_instru- | 100 mv. 
Nu- 





Pen response speed is 1-in./s, 


Perkin Engineering Corp., 345 Kansas 


ments and specialized components. RA-4 . - on ope . . 

cleonics laccuracy is 1%, reproducibility is t., El Segundo, Cal. (L-3) 
16%, Chart speeds of 1-4 in./m are — d. Techni 
; i m nd. echni- 
\ ealiatlin Steam-cleaning compou 





ELECTRONIC ENGINEERS 


Unique opportunity to get in on ground 
oor of young successful company ap- 


Recorder has front panel 


| . ° . 
izero control. Overall dimensions of 


cal data sheet 35 describes heavy-duty 


detergent for steam cleaning. John B. 


plying atomic energy to industrial uses model are 10 X Sho <x 6 in. Hazatrol P B 2 Nutl 10 
(non-government). Wal , . C 0. 3, Nutley 10, 
Graduate engineers are needed in two |} Corp., 215 Market St., San Francisco, Moore sil i il saline y 
major functions: sales and applications | Cal P-70 N. J. (L-4) 
engineering, and development and design a. (P-4U) 


engineering. 
Rapid expansion of company offers pro- 








'Mechanical Integrator 





























| B Anton Electronics Laboratories, Inc., 


Stepping relays. Bulletin P-S4 gives 


organizations, Only mea with top | | characteristics of steppingrelays. 12>. 
academic — work records who desire Integrator mechanically computes me- Guardian Electric Manuf. Co., 1621 W 
and are capable of hard work and rapid oe oe en , : 7 ft is i . 
promotion will be considered. tered volumes “ gases from orifice Walnut St., Chicago 12, Ill. (L-5) 
INDUSTRIAL NUCLEONICS CORP. meter charts. The counter setback 
1205 CHESAPEAKE AVE | , : : ’ j j 7 
‘ operates fro ain setback post, so Electronic parts. Catalog lists line of 
COLUMBUS 12, OHIO rom main setback post, « . rf 
A leader in Nuclear Instrumentation and range settings are almost infinite in radio, tv, and electronic products. 
Automation Equi t. , F ° . ore ny . ’ _. 2 
pacnatatnaellecinattiaie number. When machine is calibrated 256 p. The Radio Shack Corp., 167 
for one make of charts, it is calibrated Washington St., Boston, Mass.  (L-6) 
Manufacturer's Repr ive—S n Colifornia. || for all makes that machine will handle. , . 
Experienced sales rep. with good technical ’ F . ‘ Refractories. Booklets on Gun- 
background (MS Physics) now calling on || Rockwell Man uf. Co., 400 N. Lexington hrome-M and “Guide for Refractory 
Southern California Electronics Indust . - ehro ad i 1 - Trac 7 
wishes to contact manufacturers in ae a Ave., Pittsburgh 8, Pa. ( P-7 I) Selection 4“ ire iV iil ible Basu Re 
intensive technical sales representation § in serection are aVvallabie, suc ai 
pre age a ae ae Te fractories, Inc., 845 Hanna Bldg., Cleve 
atomic and nuclear fie 5, +y OF Y> = 
RA4591 Nucleonics INDUSTRY NOTES land 14. Ohio (L-7) 
1111 Wilshire Blvd., Los Angeles 17, Calif : , 


Plug-in units. Bulletin 81554 presents 


USED—RECONDITIONED | Brooklyn, N. Y., has appointed Joseph variety of plug-in components. 32 p. 
NUCLEONIC EQUIPMENT r. Della-Corta director of engineering. Eeco Production Co., 827 S. Vermont 
Keleket Alpha Scalers and Chambers | Anton manufactures nuclear and elec- Ave., Los Angeles 5, Cal. (L-S) 
Telemark Neutron Monitors | , ) 
imeters, Speed Counters etc. | tronic equipment. ‘ 
quality at substantial savings Pressure-control problem. Bulletin 
ENGINEERING ASSOCIATES |®Kaighin and Hughes, Inc., Toledo, V-4001 presents the solution of a prob- 
434 Patt Ral : ; ; 
tabiestaeanicencs sees: Gee | Ohio, has organized an industrial waste lem related toa blowdown tunne 1. tp. 
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( DC (‘or trol Ne ri ices, Tne.. 100 Ss. 
Warminster Rd.. Hatboro. Pa. (L-9) 


Mercury relays. Line of heavy duty 
enclosed relays is presented by catalog. 
Ebert Electronics Corp., Queens Village 
ge NY; (L-10) 


Surface finish. Booklet explains opti- 


EKGO Electronic scaling equipment 


il surface testing. 10 p. William J. | 
Ha ker and Co.. Ine., 82 Beaver St., 
New York 5. N.Y. (L-11) | 


Electrical ceramics. Bulletin 549 il | 
lustrates internal insulators for electron | 


tubes. + p. American Lava Corp., | 


( hattanooga 17) Té nn. L-12) 


Tungsten. Brochure NP-243 is de- 


to manufacture, properties and 


of tungsten. ISp. Sylvania Elec- | 


pP oducts Tne. 17 10 Broadway, New 


Se # (L-13) | 


Gas purifiers. Booklet shows equip- 
ment for catalytic purification, hydro- 
genation and oxidation of gases. 6 p. 
Baker and Co., Ine., 113 Astor St., 
Vewark 5, N. J. (L-14) 


Industrial lubricants. Leaflet gives 


AUTOMATIC SCALER TYPE N530. This new Type Ns30 Automatic 
Scaler times a pre-determined count or counts for a pre-determined time, 

it can also be manually operated. It incorporates a stabilised high voltage 
supply for polarising a Geiger-Muller Probe or Scintillation Counter, 

an input amplifier and a pulse height discriminator. 

With the addition of a suitable radiation counter it forms a complete 

counting or uming equipment, 


service re commendations for industrial | 


lubricants. 4p. Gredag, Inc., Niagara 


Falls, N. Y. (L-15) 


Controlled-volume pumps. Bulletin 


1253 describes characteristics and uses 


of controlled-volume pumps. 22 p. 
Vilton Roy Co., Station Y, 1300 FE. 


Vermaid Lane, Phila. 18, Pa. (L-16) | 


Steam-turbine history. Booklet 03R- 


8145traces turbine development. 22p. 


{llis-Chalmers Mfg. Co., 1316 S. 7Oth | 


St Vilwaukee. Wis. (L-17) 


Electronic equipment. (ieneral cata- | 


} 


ment. 308 p. Allied Radio Corp., 
100 N. Western <Ave., Chicago 80, 


ni (L-18) | 


Diffusion pumps. Catalog gives data 
on diffusion pumpline. Naresco Equip- 
ment Corp., 160 Charlemont St., Newton 
Hlighlands 61, Mass. (L-19) 


Toroidol inductors. Bulletin TL2-P4 
characterizes precision-wound induc- 
tors Lenkurt Electric Sales Co., 1114 
County Rd., San Carlos, Cal. (L-20) 


Printed connectors. Leaflet describes 
HHB series EC printed-circuit con- 


nectors H. H. Buggie, Inc., 726 | 


Stanton Sé.. Toledo , Ohio. (L-21) 


Recording balance. Bulletin 103 char- 
acterizes device for recording small 
forces with respect to time. 4 p. 
Shar} 
124 W. 4th St., Bridgeport, Pa. (L-22) 
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log lists 25,000 items of electronic equip- | 


les Corp. Research Laboratories, 


SCALER TYPE N529 

Ekco Type N§29 is a five decade Scaler using ‘Dekatron’ tubes. Like the 
N530 it incorporates a stabilised high-voltage supply, an input amplifier and a 
pulse height discriminator, and it requires only the addition of a suitable 
radiation counter to form a complete counting equipment 

The setting-up controls are situated behind a hinged door and routine 
operation is by means of press-button switches. 


Write for the complete catalogue of Ekco Nucleonic and Electronic Equipment, 
including Scintillation Counters, Scaling Units, Counting Ratemeters, Radiation 
Momitors, Vibrating Reed Electrometers, Geiger-Muller Tubes, Lead Shielding, 
Linear Amplifiers, Power Units, Complete Counting Installations, Thickness Gauges. 


EKGO electronics 


(EXEKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX - ENGLAND 


U.S. Sales & Service 
AMERICAN TRADAIR CORP CHRYSLER BUILDING, 405 LEXINGTON AVE., NEW YORK 17, N.Y. 


Canadian Sales & Service 
CANADIAN AVIATION ELECTRONICS LTD., 6214 COTE DE LIESSE ROAD, MONTREAL, QuEBEC 
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HOW CAN AUTOMATIC CONTROL 


strengthen our defenses 








MISSILE GUIDANCE .. . GUN STABILIZATION 
AIRCRAFT NAVIGATION ...WEAPONS SYSTEMS 


The staff of engineers at Ford Instrument Company are experts in the 
field of automatic control. Every week, in the laboratories and shops of 
this large company thousands of men are working on electronic, hydraulic, 
mechanical and electrical servo-mechanisms, computers, controls and 
drives to solve problems for the Army, Navy and Air Force. Ever since 
Hannibal C. Ford started, in 1915, to develop and build the first gunfire 
computer for the U.S. Navy, Ford Instrument has been leading the way 
in applying the science of automatic control to America’s defensive 
strength ...and to American industry. 


Each year the Ford Instrument Company is adding to its 
staff of several hundred engineers. If you are an engineer 
and can qualify, there may be a position for you. 
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FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 


31-10 Thomson Avenue, Long Island City 1, N. Y. 
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exceptional high voltage 


regardless of time 
or line voltage 
fluctuations 


The Model 312 High Voltage Supply features a ATOMIC’S MODEL 312 
high degree of regulation and exceptional stability regulated high voltage 
over long periods. Drift is practically eliminated, supply 
providing maximum accuracy for successive experi- 
ments in precision scintillation counting and similar 
projects. 

Either positive or negative output is available CONDENSED SPECIFICATIONS 
through a front panel switch. 1500 Volt Supply — Model 312 


Bulletin 300-1 describes the Model 312 in detail. SeREEy: OSE", per Cay 
Line regulation: 0.01°/, for line variation 


Write for your copy today. ae Seen Gilbe. 
Range: Less than 200 v. to greater than 
COMPARATIVE DRIFT CURVES OF 1400 v. in 17 steps 

TYPICAL HIGH VOLTAGE SUPPLIES Maximum output: 1 milliamp., positive or 


negative 





“RE” Type Regulated Supply 
1430.0 - saree — @— We e ee 


4 “60 Cycle’’ Type Regulated Supply 
1420.0 - — ne oo oe 
4 


1410.0 - 





HIGH VOLTAGE 





4 





\ we we uf 
\ 4. REGULATED TIME OF DAY IN HOURS 





AC LINE — ————— ears 
VOLTS OFF>> Ti5v ——125v 





A complete description of the full line of High Voltage Supplies and other 
Atomic ‘‘Research-Quality’’ instruments is included in our general catalog. To 
receive your registered copy, please request on your letterhead. 


SALES_ REPRESENTATIVES 
0 Y 0 Mm i ( ID) INSTRUM ENT H. £. RANSFORD CO. — 2601 Grant Bidg., Pittsburgh 19, Pa 
W. A. BROWN & ASSOCIATES — Alexandria, Virginio 
Cc Oo M P A N Y Branch Offices — throughout Southeastern U.S 


84 MASSACHUSETTS AVE. CAMBRIDGE 39. MASS PACKARD INSTRUMENT CO. — P.O. Box 428, LaGrange, III 
KITTLESON COMPANY — Los Angeles 46, Calif 
. : . —_ P 8 h Off — San Francisco, Calif. — Albuquerque, N.M 
Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, e008 GASARITT COMPANY <a Seatiia, Wash. 

Count Rate Meters, Coincidence and Anticoincidence Instruments, STRAUS-FRANK COMPANY, Eng. Prod. Div. — Houston, Texas 


. . re . CANADIAN MARCONI CO. — Montreal, P.Q. 
Differential Pulse Height analyzers, Accessories. Branch Offices—Toronto—Winnipeg—Vancouver—Holifax 
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NCW en. modern successor 


XT 
to the galvanometer Hers 


the new 
ZlectrnanikK 


Null Indicator 


electrical 
characteristics 


INPUT IMPEDANCE 
1500 ohms 
CURRENT SENSITIVITY 
0.6 x 10-9 amperes 
per muliimeter 
VOLTAGE SENSITIVITY 
1 microvolt 
per millimeter 
OPERATING VOLTAGE 


115 volts, 60 cycles 


HONEYWELL 











If you use galvanometers, you'll be interested in the new ElectroniK Null 

Indicator. For here, at last, is the lab man’s ideal d-c null balance detector . . . 

completely free from all the limitations of galvanometers. 

It’s easy to use—no “‘loss of spot’’ from excess signal; bridge balancing oper- 

ation is simplified. 

It’s self-protecting — will take heavy over-loads without damage. 

It’s vibration-proof —undisturbed by nearby traffic or machinery. 

It goes anywhere—needs no leveling or special mounting; plugs into 115-volt 
60-cycle line; small case fits readily into experimental set-ups. 

It’s stable—holds steady zero after warm-up. 

It’s fast—indicates in less than one second; ideal for production testing. 

It’s sensitive—suitable for use with high precision measuring circuits. 

The ElectroniK Null Indicator is priced within reach of any budget. It will 

be a valuable asset to your lab. Write today for complete information. 

MINNEAPOLIS-HONEYWELL REGULATOR Co., /ndustrial Division, Wayne and 

Windrim Avenues, Philadelphia 44, Pa. 


REFERENCE DATA: Write for Instrumentation Data Sheet No. 10.0-12. 


Honeywell 
Fit WE Coitol 


Want more informatior Vser urd inse 





IRESOLUTION CHART 





100 MILLIMETERS 


INSTRUCTIONS Kesolution expressed in terms of the lines per millimeter recorded by a particular 


film under specified condition Numerals in chart indicate the number of lines per millimeter in adjacent 


| haped groupings 
In microfilming, it is necessary to determine the reduction ratio and multiply the number of lines in the 
this value to find the number of lines recorded by the film As an aid in determining the reduction 
line abo 100 millimeters in length. Measuring this line in the film image and dividing the length 


duction ratio Example: the.lin 20 mm. long in the film image, and 100/20 5. 


<amint “T-shaped” line groupings in the film with microscope, and note the number adjacent to finest 
ecorded sharply and distinctly Multiply this number by the reduction factor to obtain resolving power 
lines per millimeter Example: 7.9 group of lines is clearly recorded while lines in the 10.0, group are 
distinctly separated. Reduction ratio is 5, and 7.9 x 39.5 lines per millimeter recorded satisfacto- 
Ox § 50-lines per millimeter which are not recorded: satisfactorily Under the particular condi- 


naximum resolution is between 39.5 and 50 lin per millimeter. 


lution, as measured on the film, is a test of the entire photographic system, including lens, exposure, 
ing, and other factors These rarely utilize maximum résolution of the film. Vibrations during 
lack of* critical focus, and « xposures yi lding very dense negatives are to be avoided. 





